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(57) Character display apparatus includes a display 
device anda control section. The control section controls 
the display device such that: a color element level of at 
least one first sub-pixel, which corresponds to a basic 
portion of a first character, is set to a predetermined 
color element level; and a color element level of a first 
vicinal sub-pixel located in the vicinity of the at least one 
first sub-pixel is set to a color element level different from 
the predetermined color element level, whereby the first 
character is displayed on a display plane, the basic por- 
tion of the first character is included in a first frame hav- 
ing a predetermined size, the at least one first sub-pixel 
is Included in a first region on the display plane which 
corresponds to the first frame, and at least one of the at 
least one first vicinal sub-pixel is out of the first region. 
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Description 



BACKGROUND OF THE INVENTION 

5 1 . FIELD OF THE INVENTION: 

[0001] The present invention relates to a character display apparatus, a character display method, and a character 
display program capable of displaying a character with a high quality using a color display device, and a recording 
medium for use with such apparatus, method, and program. 

10 

2. DESCRIPTION OF THE RELATED ART: 

[0002] Japanese Laid-Open Publication No. 2001-100725 describes a known, conventional technique of displaying 
a character using a color display device. According to this technique, the intensity of a color element (e.g., brightness 

15 level) of a sub-pixel corresponding to a basic portion of a character is set to a predetermined value, while the intensity 
of a color element of a sub-pixel located adjacent to the sub-pixel corresponding to the basic portion of the character 
is set to a value different from the predetermined value. The number of sub-pixels whose color element Intensities are 
set to values different from the predetermined value, and the color element intensities of these sub-pixels, are deter- 
mined based on a correction pattern. 

20 [0003] Figure 43 shows an example where the intensities of sub-pixels corresponding to a basic portion of a character 
7 (slash)" is set to a predetermined value according to the conventional technique described in Japanese Laid-Open 
Publication No. 2001-100725. In Figure 43, each hatched box represents a sub-pixel corresponding to the basic portion 
of the character 7". Where the color element intensity of a sub-pixel is represented by brightness levels 0-255, the 
color element intensity of a sub-pixel corresponding to the basic portion of the character 7" is set to, for example, 

25 "brightness level 0" (predetermined value). In Figure 43, each open box represents a sub-pixel corresponding to the 
background of the character T*. The color element intensity of a sub-pixel corresponding to the background of the 
character T is set to brightness level 255, for example. 

[0004] Figure 44 shows an example where the color element intensities of sub-pixels located adjacent to sub-pixels 
corresponding to the basic portion of the character T are set to values differentfrom the predetermined value according 

30 to the above conventional technique. In the example illustrated in Figure 44, the color element intensities of three sub- 
pixels located adjacent to each of the left and right sides of a certain sub-pixel which corresponds to the basic portion 
of the character T are set, based on a preset correction pattern, to "brightness level 73", "brightness level 182" and 
"brightness level 219" in this order from the sub-pixel closest to the basic portion of the character to the farthest one 
from the basic portion of the character. Hereinafter, in this specification, setting the color element intensity of a sub- 

35 pixel located adjacent to a certain sub-pixel corresponding to a basic portion of a character based on a correction 
pattern is referred to as "placing a correction pattern". 

[0005] The reasons why a correction pattern is placed are to suppress color noise in a character (i.e., to make the 
character look black to a human eye), and to adjust the width of lines included in the character to a desired width. 
[0006] Thus, according to the conventional technique, a correction pattern is placed adjacent to a sub-pixel corre- 
40 spending to a basic portion of a character, whereby the character is displayed with a high quality. 

[0007] A basic portion of a character is included In a frame having a certain size. A sub-pixel corresponding to the 
basic portion of the character is included within a region on a display plane of a display device which corresponds to 
the frame. 

[0008] Figure 45 shows a relationship between sub-pixels corresponding to a basic portion of a character "A" and a 
45 region corresponding to a frame. In Figure 45. each hatched box represents a sub-pixel corresponding to the basic 
portion of the character "A". A region 1021 represents a region on a display plane which corresponds to a frame of the 
character "A". 

[0009] Figure 46 shows an example where the color element intensities of sut)-pixels located adjacent to sub-pixels 
corresponding to the basic portion of the character "A" are set to values differentfrom the predetermined value according 

50 to the above conventional technique. In the example illustrated in Figure 46, three adjoining sub-pixels have to be 
secured for placing a correction pattern. However, within the region 1021 corresponding to the frame of the character 
"A", there are only two sub-pixels (sub-pixels 1034 and 1035) located adjacent to the right side of a sub-pixel 1031. 
Similariy, within the region 1021, there is only one sub-pixel (sub-pixel 1036) located adjacent to the right side of a 
sub-pixel 1032. Therefore, a correction pattern cannot be placed at the right sides of the sub-pixels 1031 and 1032 so 

55 as to all fit within the region 1021. 

[0010] Conventionally, a character is displayed on a display device such that the character is placed within a region 
on a display plane of the display device which corresponds to a frame of the character. If a correction pattern at a 
portion of the region 1021 (i.e., portion 1033) cannot be placed entirely within the region 1021, as shown in Figure 46, 
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color noise occurs In such a portion and therearound, and/or the width of a line of the character at that portion cannot 
be seen as having a desired width. As a result, the character cannot be displayed on the display device with a high 
quality. 

[001 1] Figure 47 shows an example where the color element intensities of sub-pixels located adjacent to sub-pixels 
5 corresponding to a basic portion of a character "H" are set to values different from the predetermined value according 
to the above conventional technique. In the example illustrated in Figure 47, In a portion of the right vertical line of the 
character "H" (portion 1041), a correction pattern cannot be placed within the region 1021 which corresponds to a 
frame of the character "H". As a result, color noise occurs in the portion 1041, and the width of a line of the character 
at the portion 1041 cannot be seen as having a desired width. In this example, the right vertical line of the character 
10 "H" looks thinner than the left vertical line of the character "H". As a result, the character "H" cannot be displayed on 
the display device with a high quality. 

SUMMARY OF THE INVENTION 

15 [0012] According to one aspect of the present Invention, a character display apparatus includes: a display device 
including a display plane having a plurality of pixels; and a control section for controlling the display device, wherein 
each of the plurality of pixels includes a plurality of sub-pixels arranged along a predetermined direction, a correspond- 
ing one of a plurality of color elements being pre-assigned to each of the plurality of sub-pixels, the intensity of each 
of the plurality of color elements is represented by a plurality of color element levels in a stepwise fashion, each of the 

20 plurality of sub-pixels has one of the plurality of color element levels, the control section controls the display device 
such that: a color element level of at least one first sub-pixel, which corresponds to a basic portion of a first character, 
is set to a predetermined color element level; and a color element level of a first vicinal sub-pixel located in the vicinity 
of the at least one first sub-pixel is set to a color element level which is different from the predetermined color element 
level, whereby the first character is displayed on the display plane, the basic portion of the first character is included 

25 in a first frame having a predetermined size, the at least one first sub-pixel is Included in a first region on the display 
plane which con-esponds to the first frame, and at least one of the at least one first vicinal sub-pixel is out of the first 
region. 

[001 3] In one embodiment of the present invention, the control section controls the display device such that a second 
character is displayed on the display plane at a position adjacent to the first character, a basic portion of the second 
30 character is included in a second frame having a predetermined size; at least one second sub-pixel corresponding to 
the second character is included in a second region on the display plane which corresponds to the second frame; and 
the at least one of the at least one first vicinal sub-pixel is included in the second region. 

[0014] In another embodiment of the present Invention, the first character and the second character have identical 
display attributes. 

35 [001 5] In still another embodiment of the present invention, each of the basic portions of all the characters displayed 
on the display device is included in a frame having a predetermined size, and the at least one of the at least one first 
vicinal sub-pixel is not included in either of the regions on the display plane which respectively correspond to the frames. 
[0016] In still another embodiment of the present Invention, the control section sets a color element level of the at 
least one of the at least one first vicinal sub-pixel based on a color element level which Is determined according to a 

40 distance from the at least one first sub-pixel and a color element level which is determined according to a distance 
from the at least one second sub-pixel. 

[0017] In still another embodiment of the present invention, the control section sets the intensity of a color element 
of at least one predetermined sub-pixel included in the first region to a predetermined value regardless of a type of the 
first character. 

45 [0018] In still another embodiment of the present invention, the control section sets again the color element level of 
the at least one of the at least one first vicinal sub-pixel when the control section controls the display device so as to 
write a third character over the first character displayed on the display plane. 

[001 9] According to another aspect of the present invention, a character display apparatus includes: a display device 
including a display plane having a plurality of pixels; and a control section for controlling the display device, wherein 

50 each of the plurality of pixels Includes a plurality of sub-pixels arranged along a predetermined direction, a correspond- 
ing one of a plurality of color elements being pre-assigned to each of the plurality of sub-pixels, the intensity of each 
of the plurality of color elements is represented by a plurality of color element levels In a stepwise fashion, each of the 
plurality of sub-pixels has one of the plurality of color element levels, the control section controls the display device 
such that: a color element level of at least one first sub-pixel, which corresponds to a basic portion of a first character, 

55 and a color element level of at least one second sub-pixel, which corresponds to a basic portion of a second character, 
are set to a predetermined color element level; and a color element level of a sub-pixel located in the vicinity of the at 
least one first sub-pixel and a color element level of a sub-pixel located in the vicinity of the at least one second sub- 
pixel are set to a color element level which is different from the predetermined color element level, based on a color 
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element level which is determined according to a distance from the at least one first sub-pixel and a color element level 
which is determined according to a distance from the at least one second sub-pixel, whereby the first and second 
characters are displayed on the display plane. 

[0020] According to still another aspect of the present invention, there is provided a character display method for 

5 displaying a character on a display plane having a plurality of pixels, wherein each of the plurality of pixels Includes a 
plurality of sub-pixels arranged along a predetermined direction, a corresponding one of a plurality of color elements 
being pre-assigned to each of the plurality of sub-pixels, the Intensity of each of the plurality of color elements is 
represented by a plurality of color element levels in a stepwise fashion, each of the plurality of sub-pixels has one of 
the plurality of color element levels, the method comprises steps of: (a) setting a color element level of at least one 

10 first sub-pixel, which corresponds to a basic portion of a first character, to a predetemnlned color element level; and 
(b) setting a color element level of at least one first vicinal sub-pixel located in the vicinity of the at least one first sub- 
pixel to a color element level which is different from the predetermined color element level, wherein the basic portion 
of the first character is included in a first frame having a predetermined size, the at least one first sub-pixel is included 
In a first region on the display plane which corresponds to the first frame, and at least one of the at least one first vicinal 

15 sub-pixel Is out of the first region. 

[0021] According to still another aspect of the present invention, there is provided a character display method for 
displaying a character on a display plane having a plurality of pixels, wherein each of the plurality of pixels includes a 
plurality of sub-pixels arranged along a predetermined direction, a corresponding one of a plurality of color elements 
being pre-assigned to each of the plurality of sub-pixels, the intensity of each of the plurality of color elements is 

20 represented by a plurality of color element levels in a stepwise fashion, each of the plurality of sub-pixels has one of 
the plurality of color element levels, the method comprises steps of: (a) setting a color element level of at least one 
first sub-pixel, which corresponds to a basic portion of a first character, a color element level of at least one second 
sub-pixel, which corresponds to a basic portion of a second character, to a predetermined color element level; and (b) 
setting a color element level of a sub-pixel located in the vicinity of the at least one first sub-pixel and a color element 

25 level of a sub-pixel located in the vicinity of the at least one second sub-pixel to a color element level which is different 
from the predetermined color element level, based on a color element level which is determined according to a distance 
from the at least one first sub-pixel and a color element level which is determined according to a distance from the at 
least one second sub-pixel. 

[0022] According to still another aspect of the present invention, there is provided a program for allowing an infor- 
30 mation display apparatus to execute character display processing, the information display apparatus including a display 
device which is provided with a display plane having a plurality of pixels, wherein each of the plurality of pixels includes 
a plurality of sub-pixels arranged along a predetermined direction, a corresponding one of a plurality of color elements 
being pre-assigned to each of the plurality of sub-pixels, the intensity of each of the plurality of color elements is 
represented by a plurality of color element levels in a stepwise fashion, and each of the plurality of sub-pixels has one 
35 of the plurality of color element levels, the character display processing comprises steps of: (a) setting a color element 
level of at least one first sub-pixel, which conresponds to a basic portion of a first character, to a predetermined color 
element level; and (b) setting a color element level of at least one first vicinal sub-pixel located in the vicinity of the at 
least one first sub-pixel to a color element level which is different from the predetermined color element level, wherein 
the basic portion of the first character is Included in a first frame having a predetermined size, the at least one first sub- 
40 pixel is included in a first region on the display plane which corresponds to the first frame, and at least one of the at 
least one first vicinal sub-pixel is out of the first region. 

[0023] According to still another aspect of the present invention, there is provided a program for allowing an infor- 
mation display apparatus to execute character display processing, the information display apparatus including a display 
device which is provided with a display plane having a plurality of pixels, wherein each of the plurality of pixels includes 

45 a plurality of sub-pixels arranged along a predetermined direction, a corresponding one of a plurality of color elements 
being pre-assigned to each of the plurality of sub-pixels, the intensity of each of the plurality of color elements is 
represented by a plurality of color element levels in a stepwise fashion, and each of the plurality of sub-pixels has one 
of the plurality of color element levels, the method comprises steps of: (a) setting a color element level of at least one 
first sul>-pixel. which corresponds to a basic portion of a first character, a color element level of at least one second 

50 sub-pixel, which corresponds to a basic portion of a second character, to a predetermined color element level; and (b) 
setting a color element level of a sub-pixel located in the vicinity of the at least one first sub-pixel and a color element 
level of a sub-pixel located in the vicinity of the at least one second sub-pixel to a color element level which is difl'erent 
from the predetermined color element level, based on a color element level which is determined according to a distance 
from the at least one first sub-pixel and a color element level which is determined according to a distance from the at 

55 least one second sub-pixel. 

[0024] According to still another aspect of the present invention, there is provided a recording medium which can be 
read by an information display apparatus, the information display apparatus including a display device which is provided 
with a display plane having a plurality of pixels, wherein the recording medium stores a program which allows the 
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information display apparatus to execute character display processing, each of the plurality of pixels includes a plurality 
of sub-pixels arranged along a predetermined direction, a corresponding one of a plurality of color elements being pre- 
assigned to each of the plurality of sub-pixels, the intensity of each of the plurality of color elements is represented by 
a plurality of color element levels in a stepwise fashion, and each of the plurality of sub-pixels has one of the plurality 

5 of color element levels, the character display processing comprises steps of: (a) setting a color element level of at least 
one first sub-pixel, which corresponds to a basic portion of a first character, to a predetermined color element level; 
and (b) setting a color element level of at least one first vicinal sub-pixel located in the vicinity of the at least one first 
sub-pixel to a color element level which is different from the predetermined color element level, wherein the basic 
portion of the first character is included in a first frame having a predetermined size, the at least one first sub-pixel is 

10 included In a first region on the display plane which corresponds to the first frame, and at least one of the at least one 
first vicinal sub-pixel is out of the first region. 

[0025] According to still another aspect of the present invention, there is provided a recording medium which can be 
read by an information display apparatus, the Information display apparatus including a display device which is provided 
with a display plane having a plurality of pixels, wherein the recording medium stores a program which allows the 

15 infonnation display apparatus to execute character display processing, each of the plurality of pixels includes a plurality 
of sub-pixels arranged along a predetermined- direction, a corresponding one of a plurality of color elements being 
pre-assigned to each of the plurality of sub-pixels, the intensity of each of the plurality of color elements is represented 
by a plurality of color element levels in a stepwise fashion, and each of the plurality of sub-pixels has one of the plurality 
of color element levels, the method comprises steps of: (a) setting a color element level of at least one first sub-pixel. 

20 which corresponds to a basic portion of a first character, a color element level of at least one second sub-pixel, which 
corresponds to a basic portion of a second character, to a predetermined color element level; and (b) setting a color 
element level of a sub-pixel located in the vicinity of the at least one first sub-pixel and a color element level of a sub- 
pixel located in the vicinity of the at least one second sub-pixel to a color element level which is different from the 
predetermined color element level, based on a color element level which is determined according to a distance from 

25 the at least one first sub-pixel and a color element level which is determined according to a distance from the at least 
one second sub-pixel. 

[0026] Thus, the invention described herein makes possible the advantages of: (1) providing a character display 
apparatus, a character display method, and a character display program capable of displaying a character with a high 
quality even when a correction pattern cannot be placed so as to be entirely within a region corresponding to a frame; 
30 and (2) providing a recording medium for use with such apparatus, method, and program. 

[0027] These and other advantages of the present invention will become apparent to those skilled in the art upon 
reading and understanding the following detailed description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

[0028] 

Figure 1 is a block diagram showing a structure of a character display apparatus 1 according to embodiment 1 of 
the present invention. 

40 

Figure 2 illustrates an example of a display plane 400 of a display device 10. 

Figure 3 shows a brightness table 392 which is an example of a brightness table 42c stored in an auxiliary storage 
apparatus 40. 

45 

Figure 4 shows a correction table 390 as an example of a correction table 42b stored In the auxiliary storage 
apparatus 40. 

Figure 5 is a flowchart which illustrates an execution of a character display process by a character display program 
50 41. 

Figure 6 shows basic portion data 600 which defines a basic portion of a character "H". which is the first character 
of a character sequence "HA", on a sul>-pixel by sub-pixel basis. 

55 Figure 7 shows an example where the color element levels of sub-pixels corresponding to the basic portion of the 

character "H" are set to a predetermined value (color element level "7"). 

Figure 8 shows an example where the color element levels of sub-pixels located in the vicinity of the sub-pixels 
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corresponding to the basic portion of the character "H" are set to values different from a predetermined value (any 
of color element levels "5". "2". and "1"). 

Figure 9 shows an example where the color element levels of sub-pixels Included in a portion of a correction pattern 
of character "H" which protrudes from a region con^esponding to the frame of character "H" are stored in a storage 
buffer 901. 

Figure 10 shows basic portion data 610 which defines a basic portion of a character "A", which is the second 
character of the character sequence "HA", on a sub-pixel by sub-pixel basis. 

Figure 11 shows an example where the color element levels of sub-pixels corresponding to the basic portion of 
the character "A" are set to a predetermined value (color element level "7"). 

Figure 12 shows an example where the color element levels of sub-pixels included in a region corresponding to 
the frame of the character "A" are synthesized with the color element levels stored in the storage buffer 901 (Figure 
9)- 

Figure 13 shows an example where the color element levels of sub-pixels located in the vicinity of sub-pixels 
corresponding to the basic portion of the character "A" are set to values different from the predetermined value 
(any of color element levels "5", "2", and "1"). 

Figure 14 shows an example where the color element levels of sub-pixels included in a portion of a correction 
pattem of character "A" which protrudes from the region corresponding to the frame of character "A" are stored in 
the storage buffer 901. 

Figure 15 shows a display plane 400 at a time after the processes of steps S103 through S116 of Figure 5 have 
been performed on each of the characters "H" and "A". 

Figure 16 shows the display plane 400 at a time after the processes of Figure 5 have been performed on the 
character sequence "HA". 

Figure 17 is a flowchart which Illustrates a procedure for generating basic portion data from a bit map defined by 
units of a pixel. 

Figure 18 shows a portion of a bit map defined by units of a pixel which represents a character. 
Figure 19 shows a portion of the display plane 400 of the display device 10. 

Figure 20A shows an example of eight neighborhoods around a current bit D(x,y) In the bit map defined by units 
of a pixel. 

Figure 20B shows sub-pixels defined as sub-pixels for the basic portion based on the basic portion definition rule 
when the eight neighborhood bits around the bit D(x.y) have values shown In Figure 20A. 

Figure 21 A shows another example of eight neighborhoods around the current bit D(x.y) in the bit map defined by 
units of a pixel. 

Figure 21 B shows sub-pixels defined as sub-pixels for the basic portion based on the basic portion definition rule 
when the eight neighborhood bits around the bit D(x,y) have values shown in Figure 21 A. 

Figure 22A shows still another example of eight neighborhoods around the current bit D(x,y) in the bit map data. 

Figure 228 shows sub-pixels defined as sub-pixels for the basic portion based on the basic portion definition rule 
when the eight neighborhood bits around the bit D(x,y) have values shown in Figure 22A. 

Figure 23 shows all possible "1"rO" arrangement patterns of the eight neighborhood dots around the current bit 
D(x.y), 



EP 1 271 466 A2 

Figure 24 shows an example of a bit map 2401 defined by units of a pixel which represents a character "H". 

Figure 25 shows an example of a bit map 2501 defined by units of a pixel which represents a character "A". 

5 Figure 26 is a block diagram showing a structure of a character display apparatus 2 according to embodiment 2 

of the present Invention. 

Figure 27 Is a flowchart which illustrates an execution of an ovenA^rite process by an ovenwrlte program 43. 

10 Figure 28 shows the character sequence "HA" displayed on the display plane 400 of the display device 10. 

Figure 29 shows the brightness levels of sub-pixels included in a region 2801 shown in Figure 28. 

Figure 30 shows an example of a table 3001 which defines correspondence between brightness levels and color 
15 element levels. 

Figure 31 shows the color element levels of sub-pixels Included in the region 2801, which are obtained after the 
brightness levels of the sub-pixels shown in Figure 29 are converted to color element levels using the table 3001 
shown in Figure .30. 

20 

Figure 32 shows a table 3201 which defines the correspondence between the color element level of a target sub- 
pixel and the color element levels of sub-pixels adjacent to the target sub-pixel. 

Figure 33 shows the color element levels of sub-pixels at the first to third sub-pixel positions from the right-side 
25 border of a region on the display plane 400 to be overwritten (sub-pixels included In the region 2801 shown in 

Figure 28), which are set using the table 3201 shown in Figure 32. 

Figure 34 shows the brightness levels of sub-pixels included In the region 2803, which are obtained after the color 
element levels of the sub-pixels shown in Figure 33 are converted to brightness levels. 

30 

Figure 35 shows the display plane 400 after a character "V" has been written over a character "H" of the character 
sequence "HA" through the character overwrite process illustrated In Figure 27. 

Figure 36 shows the display plane 400 after the character overwrite process Illustrated in Figure 27 has completed, 
35 but the processes of Steps S202 through S205 have not been performed. 

Figure 37 Is a block diagram showing a structure of a character display apparatus 3 according to embodiment 3 
of the present invention. 

40 Figure 38 is a flowchart which illustrates a procedure of the character display processing which is executed based 

on a character display program 41a. 

Figure 39 shows the basic portion data of the character "H" and the basic portion data of the character "A" which 
are stored in a region 3901 on a main memory 22. 

45 

Figure 40 shows an example where the color element levels of sub-pixels corresponding to the basic portion of 
the character "H" and the color element levels of sub-pixels corresponding to the basic portion of the character 
"A" are set to a predetermined value (color element level "7"). 

50 Figure 41 shows an example where the color element levels of sub-pixels located in the vicinity of the sub-pixels 

corresponding to the basic portions of the character "H" and the character "A" are set to values different from the 
predetermined value (any of color element levels "5", "2". and "1"). 

Figure 42 shows the character sequence "HA" displayed on the display plane 400 after the process Illustrated in 
55 Figure 38 has been completed. 

Figure 43 shows an example where the Intensities of sub-pixels corresponding to a basic portion of a character "/ 
(slash)" is set to a predetermined value according to the conventional technique described in Japanese Laid-Open 
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Publication No. 2001-100725. 



5 



Figure 44 shows an example where the color element intensities of sub-pixels located adjacent to sub-pixels cor- 
responding to the basic portion of the character 7" are set to values different from the predetermined value ac- 
cording to the above conventional technique. 



Figure 45 shows a relationship between sub-pixels corresponding to a basic portion of a character "A" and a region 
corresponding to a frame. 
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Figure 46 shows an example where the color element intensities of sub-pixels located adjacent to sub-pixels cor- 
responding to the basic portion of the character "A" are set to values different from the predetermined value ac- 
cording to the above conventional technique. 



15 



Figure 47 shows an example where the color element intensities of sub-pixels located adjacent to sub-pixels cor- 
responding to a basic portion of a character "H" are set to values different from the predetermined value according 
to the above conventional technique. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 [0029] Hereinafter, embodiments of the present Invention will be described with reference to the drawings. (Embod- 
iment 1) 

[0030] Figure 1 illustrates a structure of a character display apparatus 1 according to embodiment 1 of the present 
invention. The character display apparatus 1 may be, for example, a personal computer. Such a personal computer 
may be of any type such as a desk top type or lap top type computer. Alternatively, the character display apparatus 1 

25 may be a word processor. 

[0031] Moreover, the character display apparatus 1 may alternatively be any other electronic apparatus or information 
apparatus incorporating a color display device. For example, the character display apparatus 1 may be an electronic 
apparatus incorporating a color liquid crystal display device, a portable information terminal which is a portable infor- 
mation tool, a portable phone, such as a PHS (Personal Handyphone System) phone, etc., a general-purpose com- 

30 munication apparatus such as a telephone/FAX, or the like. 

[0032] The character display apparatus 1 includes a display device 10 capable of performing a color display, and a 
control section 20 for independently controlling a plurality of color elements respectively corresponding to a plurality 
of sub-pixels included in the display device 10. The control section 20 is connected to the display device 10, an Input 
device 30 and an auxiliary storage apparatus 40. 

35 [0033] The input device 30 is used to input to the control section 20 character information representing a character 
to be displayed on the display device 10. For example, the character infomnation may include a character code for 
identifying the character and a character size indicating the size of the character to be displayed. The input device 30 
may be any type of input device through which the character code and the character size can be input. For example, 
a keyboard, a mouse or a pen-type input device may suitably be used as the input device 30. When the character 

40 display apparatus 1 is a portable phone, the numeric key pads of the phone, which are provided for designating a 
phone number to call, may be used for inputting a character code and character size. Further, in the case where the 
size of a character to be displayed on the display device 10 is limited to one size, an input of the character size is not 
necessary. In the case where the character display apparatus 1 has means for connecting to a communication line, 
including the Internet, a message included in an electronic mail which is received through the communication line may 

45 be displayed on the display device 10. In this case, the means for connecting to the communication line functions as 
the Input device 30. 

[0034] The auxiliary storage apparatus 40 stores a character display program 41 and data 42 which is required to 
execute the character display program 41. The data 42 includes character data 42a which defines the shape of a 
character. For example, the character data 42a includes a bit map (basic portion data) which defines a basic portion 
50 of the character on a sub-pixel by sub-pixel basis. The basic portion of a character is a portion which corresponds to 
the core structure of the character. 

[0035] The auxiliary storage apparatus 40 may be any type of storage apparatus capable of storing the character 
display program 41 and the data 42. Any type of recording medium may be used in the auxiliary storage apparatus 40 
for storing the character display program 41 and the data 42. For example, a hard disk, CD-ROM, MO. MD. DVD. IC 
55 card, optical card, or the like, may suitably be used as a recording medium. 

[0036] The present invention is not limited to applications where the character display program 41 and the data 42 
are stored on a recording medium In the auxiliary storage apparatus 40. For example, the character display program 
41 and the data 42 may alternatively be stored in a main memory 22 or in a ROM (not shown). For example, such a 
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ROM may be a mask ROM, EPROM. EEPROM. flash ROM. or the like. In such a ROM-based system, it is possible 
to readily realize various types of processing simply by switching ROMs. For example, the ROM-based system may 
suitably be used in the case where the character display apparatus 1 is a portable terminal apparatus or a portable 
phone. 

5 [0037] The recording medium for storing the character display program 41 and the data 42 may be those which carry 
a program and/or data in a fixed manner such as the disk or card type storage apparatus or a semiconductor memory, 
as well as those which carry a program and/or data In a flexible manner such as a communication medium used for 
transferring a program and/or data in a communication network. When the character display apparatus 1 is provided 
with means for connecting to a communication line, including the Internet, at least a portion of the character display 

10 program 41 and the data 42 may be downloaded from the communication line. In such a case, a loader program 
required for the download may be either pre-stored In a ROM (not shown) or installed from the auxiliary storage ap- 
paratus 40 into the control section 20. An overwrite program 43 (Figure 26) and a character display program 41 a (Figure 
37), which will be described later, may be handled in a manner similar to that for the character display program 41. 
[0038] The control section 20 includes a CPU 21 and the main memory 22. 

15 [0039] The CPU 21 controls and monitors the entire character display apparatus 1 , and also executes the character 
display program 41 stored in the auxiliary storage apparatus 40. 

[0040] The main memory 22 temporarily stores data which has been input through the input device 30, data to be 
displayed on the display device 10, or data which is required to execute the character display program 41. The main 
merriory 22 Is accessed by the CPU 21 at a high speed. 
20 [0041] The CPU 21 generates a character pattenn by executing the character display program 41 based on various 
data stored in the main memory 22. The generated character pattern is once stored in the main memory 22 and then 
output to the display device 10. The timing at which the character pattern is output to the display device 10 is controlled 
by the CPU 21. 

[0042] The entire control section 20 controls the display device 10 to set the color element Intensities of sub-pixels 
25 included in a display plane of the display device 10 so that a character is displayed on the display plane. 

[0043] Figure 2 schematically illustrates a display plane 400 of the display device 10. The display device 10 includes 
a plurality of pixels 12 which are an^anged along the X and Y directions. Each of the pixels 12 includes a plurality of 
sub-pixels which are arranged along the X direction. In the example Illustrated in Figure 2, each pixel 12 includes three 
sub-pixels 14R, 14G and 14B. 

30 [0044] The sub-pixel 14R is pre-assigned to a color element R so as to output color R(red). The sub-pixel 14G Is 
pre-assigned to a color element G so as to output color G (green). The sub-pixel 14B Is pre-assigned to a color element 
B so as to output color B (blue). 

[0045] The intensity of a color element (e.g.. brightness) of each of the sub-pixels 14R, 14G and 14B is represented 

by a value ranging from 0 to 255 (0x00 to Oxff), for example. Herein. "Ox" indicates a hexadecimal representation. When 
35 each of the sub-pixels 14R, 14G and 148 may independently take a value ranging from 0 to 255, it is possible to display 
about 16.700.000 (=256x256x256) different colors. 

[0046] The display device 10 is. for example, a color liquid crystal display device. The color liquid crystal display 
device may be a transmission type liquid crystal display device, which is widely used in personal computers, or the 
like, as well as a reflection type or rear projection type liquid crystal display device. However, the display device 10 is 

40 not limited to those color liquid crystal display devices. The display device 10 may be any color display apparatus 
Including a plurality of pixels which are arranged along the X and Y directions (so-called "X-Y matrix display apparatus"). 
[0047] Moreover, the number of sub-pixels included in each pixel 12 is not limited to three. The pixel 12 may include 
one or more sub-pixels arranged in a predetermined direction. For example, when N color elements are used to rep- 
resent a color, each pixel 12 may include N sub-pixels. 

45 [0048] The order of arrangement of the sub-pixels 14R, 14G and 14B is not limited to that illustrated in Figure 2. For 
example, the sub-pixels may be arranged in the order of B, G, and R along the X direction. 

[0049] Moreover, the direction of arrangement of the sub-pixels 14R, 14G and 14B is not limited to that illustrated 
in Figure 2 (X direction). The sub-pixels 14R, 14G and 14B may be arranged along the Y direction. 
[0050] Furthermore, the group of color elements for use with the present invention Is not limited to R (red), G (green), 
50 B (blue). Alternatively, the color elements may be C (cyan), Y (yellow), M (magenta), for example. 

[0051] Figure 3 shows a brightness table 392 which is an example of the brightness table 42c stored in the auxiliary 
storage apparatus 40. 

[0052] The brightness table 392 Is previously stored in the auxiliary storage apparatus 40, whereby the color element 
level of sub-pixels can be readily converted into a brightness level. In the brightness table 392, the eight color element 
55 levels (color element level 7 through color element level 0) are assigned over the range of brightness levels of 0 to 
255 at substantially regular intervals. 

[0053] The control section 20 of the character display apparatus 1 (Figure 1) sets the color element level of a sub- 
pixel corresponding to a basic portion of a character to "7". On the other hand, the control section 20 sets the color 
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element level of a sub-pixel located adjacent to a sub-pixel corresponding to the basic portion of the character to any 
of "1" through "6" based on a correction table 42b, and the color element level of a sub-pixel corresponding to the 
background of the character to "0". 

[0054] The brightness table 392 is used when the display attribute of a character is a "nomnal display" (background 
5 is displayed in white, whereas a character is displayed in black). In the case of displaying a character having a display 
attribute of a "reversal display" (background is displayed in black, whereas a character is displayed in white), a bright- 
ness table for reversal display, which is obtained by simply modifying a brightness table for the "normal display" such 
that the defined order of brightness levels corresponding to color element levels "0" to "7" is Inverted for each of the 
color elements R, G, and B. In this specification, the "display attribute" refers to a combination of a color of a background 
10 of a character and a color of the character. A character having any display attribute can be displayed by appropriately 
setting a brightness table. 

[0055] In the example Illustrated in Figure 3, the color element level of a sub-pixel is represented through eight levels 

(level 7 through level 0), but the number of color element levels of a sub-pixel is not limited thereto. 

[0056] The correspondence between the color element levels and the brightness levels is not limited to such a relation 

15 where a plurality of color element levels of a character (color element level 7 through color element level 0) are assigned 
over the range of brightness levels of 0 to 255 at substantially regular intervals. Correspondence between the color 
element levels and the brightness levels may be different among the respective color elements R, G, and B. For ex- 
ample, a correspondence between the color element levels and the brightness levels may be appropriately set for each 
of the color elements R, G, and B in consideration of characteristics of a display device. 

20 [0057] Figure 4 shows a correction table 390 as an example of the correction table 42b stored in the auxiliary storage 
apparatus 40. The correction table 390 defines a correction pattern. The correction pattern defined by the correction 
table 390 indicates that the color element levels of sut>-pixels located adjacent to the left or right side (X or -X direction) 
of a sub-pixel corresponding to the basic portion of the character are set to "5", "2" and "1" in this order from the sub- 
pixel closest to the basic portion of the character to the farthest one from the basic portion of the character. Such a 

25 correction pattern is expressed in a list representation, "(5, 2, 1)", for illustration. The length of this list (in this example, 
"3") is referred to as the length of the correction pattern. The "sub-pixel located adjacent to (or in the vicinity of) a sub- 
pixel corresponding to a basic portion" is a sub-pixel which is located at a position distant from the basic portion sub- 
pixel along the X direction or -X direction, and whose distance value measured by the number of sub-pixels from the 
basic portion sub-pixel is equal to or smaller than the length of the correction pattern. The correction table 42b is not 

30 limited to the correction table 390 shown in Figure 4. The length of the correction pattern is not limited to "3". 

[0058] Thus, the correction pattern is used to set the color element level of at least one sub-pixel which is arranged 
in the vicinity of a sub-pixel corresponding to the basic portion of the character. The color element level of a sub-pixel 
is determined according to a distance between the sub-pixel and a sub-pixel corresponding to the basic portion of the 
character. For example, the color element level of a sub-pixel located adjacent to a sub-pixel corresponding to the 

35 basic portion of the character is set so as to decrease at a constant rate proportional with an increase of the distance 
from the basic portion sub-pixel. 

[0059] Figure 5 is a flowchart which illustrates an execution of a character display process by a character display 
program 41. The CPU 21 of the control section 20 executes the character display program 41, so that a character can 
be displayed with a high quality even when a correction pattern cannot be placed within a region on a display plane of 

40 the display device which corresponds to a frame of the character (i.e.. even when a correction pattern protrudes from 
a region on a display plane of the display device which corresponds to a frame of the character). 
[0060] In this specification, the descriptions of the present invention below will be made based on the following 
preconditions ® through (3) unless explicitly stated- It should be noted that such preconditions are made just for 
simplicity of explanation and are not intended to limit the present invention. Even in a case where preconditions ® 

45 through (D are not satisfied, the effects of the present Invention are still applicable in view of the principles of the 
present invention as readily appreciated by those skilled in the art: 

® : In the case where a plurality of characters are displayed on the display device 10, the characters are sequen- 
tially arranged from the left side to the right side (in the X direction). 

50 

© : The plurality of characters are displayed on the display plane 400 such that regions on the display plane 400 
which correspond to frames of respective characters are in contact with each other. 

® : A portion of the correction pattern protrudes from the right side of the frame of a character. 

55 

[0061] Furthermore, in the descriptions below of this specification, the correction table 390 shown in Figure 4 is used 
as the correction table 42b (Figure 1) for explanation, and the brightness table 392 shown in Figure 3 is used as the 
brightness table 42c for explanation, unless explicitly stated. 
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[0062] Hereinafter, steps of the character display process of the present invention are described. 

[0063] Step S101: A flag is set to 0. This flag indicates whether a correction pattern can be placed within a region 

on the display plane 400 of the display device which corresponds to a frame of a character. 

[0064] Step S102: At least one character to be displayed on the display plane 400 of the display device is input. This 
5 input operation is achieved by inputting a character code and a character size through the input device 30. 

[0065] Step S103: Basic portion data for one character which corresponds to the Input character code and character 
size is acquired and stored in the main memory 22. The basic portion data Is a bit map which defines a basic portion 
of the character on a sub-pixel by sub-pixel basis. That is. each dot which forms the basic portion data corresponds 
to one sub-pixel. 

10 [0066] In the case where the character size Input at Step S102 prescribes that the number of pixels along each of 
the X and Y directions is 10. the number of sub-pixels along the X direction is 30, and the number of sub-pixels along 
the Y direction Is 10. Since each of the dots which form the basic portion data corresponds to one sub-pixel, the basic 
portion data obtained at Step S102 has a size of 30 dots (X direction) x 10 dots (Y direction). An area having this size 
is referred to as a "frame" of a character. The basic portion of the character is included within the frame. 

15 [0067] The basic portion data is included in the character data 42a. The basic portion data is acquired by reading 
from the auxiliary storage apparatus 40. 

[0068] Step S104: The dots which form the basic portion data are assigned to the sul>-pixels of the display device 
10. Each of the dots which form the basic portion data is assigned to one sub-pixel of the display device 10. This 
assignment process is performed in consideration of the position on the display device 10 at which a character is 

20 displayed. For example, in the case where a character is displayed at an upper left comer of the display device 10, a 
dot at an upper left corner of the basic portion data is assigned to a sub-pixel at an upper left corner of the display 
device 10. A frame which demarcates the basic portion data is assigned to a region on the display plane 400. 
[0069] Step SI 05: The color element level of a sub-pixel corresponding to the basic portion of the character is set 
to a predetermined color element level. The predetermined color element level is, for example, color element level "7". 

25 The sub-pixel corresponding to the basic portion of the character is included within a region corresponding to the frame 
of the character 

[0070] Step SI 06: It is determined whether or not the value of the flag is "1 If a result of the determination at Step 
SI 06 is "Yes", the process proceeds to Step SI 07. If a result of the detemninatlon at Step SI 06 is "No", the process 
proceeds to Step SI 08. 

30 [0071] Step SI 07: The color element level of a sub-pixel included in a region corresponding to the frame is synthe- 
slzedwith the color element level stored in a storage buffer. This synthesis operation will be described later with refer- 
ence to Figure 12. Based on a result of the synthesis operation, the color element level of the sub-pixel included within 
the region corresponding to the frame is set. 

[0072] Step S108: The contents stored in the storage buffer is cleared, 
35 [0073] Step SI 09: The color element level located adjacent to the sub-pixel corresponding to the basic portion of 
the character is set. That is, a correction pattern is placed. This processing is performed according to the correction 
table 42b included in the data 42. 

[0074] Among the sub-pixels included in the region corresponding to the frame of the character, a sub-pixel whose 
color element level is not set at either of Step S 1 05, Step S 1 07, or Step S 1 09 is considered as a sub-pixel corresponding 

40 to the background of the character. The color element level of such a sub-pixel is set to "0", for example. 

[0075] Step S11 0: It is determined whether or not the correction pattern protrudes from the region corresponding to 
the frame in the process of Step S109. If a result of the determination at Step S110 is "Yes", the process proceeds to 
Step S111 . If a result of the detemnination at Step S110 is "No", the process proceeds to Step S114. 
[0076] Step S111 : The value of the flag is set to 1 . 

45 [0077] Step S112: The color element level of a portion of the correction pattern, which protrudes from the region 
corresponding to the frame in the process of Step S109. is stored in the storage buffer. This stored data (color element 
level) is to be used at Step SI 07 for displaying a next character on the display device 10. The storage buffer is provided 
in. for example, the main memory 22. 

[0078] Step S11 3: A marker is set. The meaning of the marker and a method for setting the marker will be described 
50 later with reference to Figure 15. 

[0079] Step S1 14: The value of the flag is set to 0. 

[0080] Step S115: The color element levels of the sub-pixels are converted to brightness levels. This conversion 
processing is performed for each of the sub-pixels included in the region corresponding to the frame of the character 
while referring to the brightness table 42c included in the data 42. 
55 [0081] Step S1 16: Brightness data which Indicates the brightness level of the sub-pixel is transferred to the display 
device 10. With the brightness data, the brightness level over the display plane 400 of the display device 1 0 is controlled 
on a sub-pixel by sub-pixel basis. 

[0082] Step S117: It is determined whether or not the processes of Steps S103 through S116 have been performed 
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for ail of the characters input at Step S1 02. If a result of the determination at Step S1 1 7 is "Yes", the process proceeds 
to Step S1 1 8. If a result of the determination at Step S11 7 is "No", the processes of Step S1 03 and the steps subsequent 
thereto are performed on the next character. 

[0083] Step S1 1 8: It is determined whether or not the value of the flag is "1 If a result of the detennination at Step 
5 S118 Is "Yes", the process proceeds to Step S119. If a result of the determination at Step S118 Is "No", the process 
terminates. 

[0084] Step S119: The color element level stored in the storage buffer is converted to a brightness level. This con- 
version operation is performed for each of the sub-pixels included in the region corresponding to the frame of the 
character while referring to the brightness table 42c included in the data 42. 
10 [0085] Step S120: Brightness data which indicates the brightness level of a sub-pixel which corresponds to the color 
element level of the sub-pixel in the storage buffer is transferred to the display device 10. With the brightness data, 
the brightness level of the display device 10 is controlled on a sub-pixel by sub-pixel basis. 

[0086] Hereinafter, the character display processing of the present invention is described with reference to Figures 
6 through 16 while considering an example where a character sequence "HA" is displayed on the display plane 400 

15 of the display device 1 0. 

[0087] Figure 6 shows basic portion data 600 which defines a basic portion of a character "H", which is the first 
character of the character sequence "HA", on a sub-pixel by sub-pixel basis. In Figure 6, each hatched box represents 
a dot which is included in the basic portion of the character "H". and each open box represents a dot which is not 
included in the basic portion of the character "H". The basic portion data 600 has a size (predetermined size) of 30 

20 dots (X direction) x 10 dots (Y direction). The basic portion of the character "H" is defined within a prescribed frame 
601 having the predetermined size. That is, the basic portion of the character "H" is included within a prescribed frame 
601. 

[0088] Jhe basic portion data 600 is read from the auxiliary storage apparatus 40 and stored in the main memory 

22 at Step S103 shown in Figure 5. 
25 [0089] Figure 7 shows an example where the color element levels of sub-pixels corresponding to the basic portion 

of the character "H" are set to a predetermined value (color element level "7"). This setting process Is performed at 

Step S105 of Figure 5. However, in the process of Step S105. the color element levels of the sub-pixels included in 

the display plane 400 are not actually set. This setting process is performed in the main memory 22 In a virtual manner. 

Thus, a region 701 shown in Figure 7 is a space in the main memory 22 which corresponds to the frame 601 of the 
30 character "H". Each box shown in Figure 7 corresponds to one sub-pixel on the display plane 400. The region 701, 

which Is a space in the main memory, corresponds to a specific region on the display plane 400 (a first region which 

corresponds to a frame of the character "H" (first character)). 

[0090] Figure 8 shows an example where the color element levels of sub-pixels located in the vicinity of the sub- 
pixels corresponding to the basic portion of the character "H" are set to values different from the predetermined value 

35 (any of color element levels "5", "2", and "1"). This setting process is performed at Step S109 of Figure 5. However, in 
the process of Step SI 09, the color element levels of the sub-pixels included in the display plane 400 are not actually 
set. This setting process is performed, at Step S109 of Figure 5, in the main memory 22 In a virtual manner according 
to a correction pattern. The correction pattern is a pattern for setting the color element levels of sub-pixels located in 
the vicinity of the sub-pixels corresponding to the basic portion to values different from the predetermined value (to 

40 any of color element levels "5", "2", and "1"). A sub-pixel corresponding to an open box which does not contain a 
numeric number is considered to be a sut)-pixel corresponding to the background of the character. The color element 
level of such a sub-pixel is set to "0". 

[0091] As seen from Figure 8, a portion of the correction pattern protrudes from the region 701, which is a space in 
the main memory 22. That is. in the correction pattern (5, 2, 1), a portion of (2, 1) is present outside of the region 701 

45 (portion 702). The region 701 corresponds to a first region on the display plane 400 which corresponds to the fi-ame 
of the character "H". Thus, the correction pattern (5, 2, 1) protrudes ft-om the region con-esponding to the firame of the 
character "H" on the display plane 400 (first region). Therefore, for this example illustrated in Figure 8, a result of the 
determination at the step S110 of Figure 5 is "Yes". The color element levels of sub-pixels included in a portion of the 
correction pattern which protrudes from the region corresponding to the frame are stored In a storage buffer 901 at 

50 Step S112 of Figures. 

[0092] Figure 9 shows an example where the color element levels of sub-pixels Included in a portion of a correction 
pattern which protrudes from the region corresponding to the frame are stored in the storage buffer 901. 
[0093] Each box shown in Figure 9 corresponds to one sub-pixel of the display device 10. Numeric numt)ers shown 
in the box. "2" or "1", represent the color element level set for that sub-pixel. A box having no numeric number corre- 
55 spends to a sub-pixel whose color element level is set to "0". 

[0094] In the example illustrated in Figure 9, the storage buffer 901 corresponds to a region on the display plane 400 
which has a size of 3 sub-pixels (X direction) x 10 sub-pixels (Y direction). The size of the storage buffer 901 along 
the X direction is set according to the length of the correction pattern. The size of the stprage buffer 901 along the Y 
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direction is set according to the size of the basic portion data. 

[0095] Figure 10 shows basic portion data 610- which defines a basic portion of a character "A", which is the second 
character of the character sequence "HA", on a sub-pixel by sub-pixel basis. In Figure 10, each hatched box represents 
a dot which is included in the basic portion of the character "A", and each open box represents a dot which is not 
5 included in the basic portion of the character "A". The basic portion data 610 has a size (predetermined size) of 30 
dots (X direction) x 10 dots (Y direction). The basic portion of the character "A" is demarcated within a prescribed 
frame 61 1 having the predetemnined size. That is, the basic portion of the character "A" is included within a prescribed 
frame 611. 

[0096] The basic portion data 610 is read from the auxiliary storage apparatus 40 and stored in the main memory 

10 22 at Step S103 shown in Figure 5. 

[0097] Figure 1 1 shows an example where the color element levels of sub-pixels corresponding to the basic portion 
of the character "A" are set to a predetermined value (color element level "7"). This setting process is performed in the 
main memory 22 in a virtual manner at Step SI 05 of Figure 5. A region 711 shown in Figure 11, which is a space In 
the main memory 22, corresponds to a region on the display plane 400 (a second region which corresponds to a frame 

15 of the character "A" (second character)). 

[0098] Figure 12 shows an example where the color element levels of the sub-pixels included in the region corre- 
sponding to the frame of the character "A" are synthesized with the color element levels stored In the storage buffer 
901 (Figure 9). This synthesizing process Is performed in the main memory 22 in a virtual manner at Step SI 07 of 
Figure 5. 

20 [0099] The example Illustrated herein satisfies the above-described preconditions® and Q) . That Is. the correction 
pattern for the first character "H" protrudes into a region on the display plane 400 which corresponds to the frame of 
the second character "A" (this region is also a region on the display plane 400 which corresponds to the region 71 1 in 
the main memory 22). Thus, the storage buffer 901 shown In Figure 9 overlaps a left-side portion of the region 711 
(portion 1201 in Figure 11). The color element level shown in each box included in the portion 1201 (Figure 11) and 

25 the color element level shown in a corresponding box Included in the storage buffer 901 (Figure 9) are compared, and 
the higher color element level value is set as a color element level of a sub-pixel in the synthesized portion 1201 shown 
In Figure 1 2. It should be noted that, in Figures 9 and 1 1 , a box corresponding to a sub-pixel whose color element level 
is "0" Is shown as an open box for clarity of Illustration. 

[0100] Figure 13 shows an example where the color element levels of sub-pixels located in the vicinity of the sub- 
30 pixels corresponding to the basic portion of the character "A" are set to values different from the predetermined value 
(any of color element levels "5", "2", and "1"). This setting process Is performed, at Step SI 09 of Figure 5, in the main 
memory 22 In a virtual manner. A sub-pixel corresponding to an open box which does not contain a numeric number 
Is considered as a sub-pixel corresponding to the background of the character. The color element level of such a sub- 
pixel is set to "0". 

35 [0101] As already described, the color element level of a sub-pixel located in the vicinity of a sub-pixel corresponding 
to the basic portion of a character is set according to the correction table 42b based on a distance from a sub-pixel 
corresponding to the basic portion. The color element level of a sub-pixel located In the vicinity of two sub-pixels 
corresponding to the basic portion is set to the higher one of two color element levels; one Is determined based on a 
distance from one of the two basic portion sub-pixels, and the other is determined based on a distance from the other 

40 one of the two basic portion sub-pixels. For example, a sub-pixel 1303 is a sub-pixel located in the vicinity of a sub- 
pixel 1301 corresponding to the basic portion of the character "A" and is also a sub-pixel located In the vicinity of a 
sub-pixel 1302 corresponding to the basic portion of the character "A". In this case, the color element level of the sub- 
pixel 1303 is set to the higher one of a color element level, which is determined based on a distance from the basic 
portion sub-pixel 1301 (3-sub-plxel distance), i.e., color element level "1", and a color element level, which is determined 

45 based on a distance from the basic portion sub-pixel 1302 (1 -sub-pixel distance), I.e.. color element level "5". That Is. 
the color element level of the sul>-pixel 1303 Is set to the higher color element level "5". 

[0102] In Figure 13, sub-pixels included in the region 1304 are sub-pixels located in the vicinity of sub-pixels corre- 
sponding to the basic portion of a character "H". Some of these sub-pixels can be sub-pixels located in the vicinity of 
sub-pixels corresponding to the basic portion of a character "A". For example, a sub-pixel 1305 is a sub-pixel located 

50 In the vicinity of a sub-pixel 1 306 corresponding to the basic portion of the character "A". Thus, the color element level 
of a sub-pixel included in the region 1304 is set to the higher one of a color element level, which is determined based 
on a distance from a sut)-pixel corresponding to the basic portion of the character "H", and a color element level, which 
is determined based on a distance from a sub-pixel corresponding to the basic portion of the character "A", 
[0103] In Figure 13, it can be seen that a portion of the correction pattern (portion 712) is protruded from the region 

55 711, which is a space in the main memory 22. The region 711 corresponds to the second region on the display plane 
400 which corresponds to the frame of the character "A". Thus, it is appreciated that the correction pattern (5, 2, 1) 
protrudes from the region on the display plane 400 which corresponds to the frame of the character "A" (second region). 
Therefore, in this example, a result of the determination at the step S1 10 of Figure 5 is "Yes". The color element levels 
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of sub-pixels included in a portion of the correction pattern which protrudes from the region corresponding to the frame 
are stored in a storage buffer 901 at Step S112 of Figure 5. 

[0104] Figure 14 shows an example where the color element levels of sub-pixels Included in a portion of a correction 
pattem which protrudes from the region corresponding to the frame are stored in the storage buffer 901. The description 

5 for Figure 14 is substantially the same as that made for Figure 9 and therefore herein omitted. 

[0105] Figure 15 shows the display plane 400 at a time after the processes of steps SI 03 through S116 of Figure 5 
have been performed on each of the characters "H" and "A". Figure 15 shows regions on the display plane 400, a 
region 1501 corresponding to the frame 601 of the character "H" (Figure 6) and a region 1502 corresponding to the 
frame 611 of the character "A" (Figure 10). In Figure 15, markers are provided at positions of a pixel 1503 included in 

10 the region 1501 and a pixel 1504 included in the region 1502. This means that the markers are set in the region 1501 
and the region 1502. These markers indicate that the correction patterns are protruded from the region 1501 and the 
region 1 502. The markers are set at Step S11 3 of Figure 5. The reason why such markers are set is that, in an ovenwrlte 
process of ovenA^riting a character over that region, a procedure for overwriting the character differs according to wheth- 
er or not the correction pattern protrudes from that region. The details of the overwrite process are described later in 

15 embodiment 2 with reference to Figure 27. 

[0106] The pixel 1503 includes three sub-pixels (sub-pixels 1505R, 1505G, and 1505B). When the color of the back- 
ground of a character is white, the brightness level of the sub-pixels corresponding to the background of the character 
is set to 255. In this case, setting a marker at a position of the pixel 1503 is achieved by. for example, setting the 
brightness levels of the sub-pixels 1505R. 1505G;and 1505B included in the pixel 1503 are set to 255 (Oxff), 255 (Oxff), 

20 and 254 (Oxfe), respectively. Setting the brightness levels of the three sub-pixels Included In the pixel 1503 to such 
values is abbreviatedly referred to as "the color of the pixel 1503 is set to Oxfffffe (a value that indicates a marker)". 
Setting a marker in the pixel 1504 is performed in a similar manner to setting of the marker in the pixel 1503. 
[0107] The pixel 1503 in which the marker is set looks substantially white to a human eye. Thus, the marker is almost 
unperceivable to a human eye. Even when a background color is a color different from white (OxfffffQ, a value of the 

25 marker is selected such that a pixel having the background color and a pixel in which the marker Is set cannot be 
distinguished by a human eye. 

[0108] In the example illustrated in Figure 15, the marker is set at a position of a pixel. However, the marker may be 
set at a position of a sub-pixel. In the example of Figure 15, sub-pixels of the lowermost row In the region 1501 are not 
defined as a basic portion of the character. Because these sub-pixels are utilized as blank spaces for securing a vertical 

30 spacing between lines. Thus, the sub-pixels of the lowermost row in the region 1501 correspond to the background of 
the character. In the case where a correction pattern protrudes from the region 1501, the brightness level (intensity of 
color element) of at least one of the sub-pixels included in the lowermost row. which is present at a predetermined 
position in the lowermost row, is set to a predetermined value regardless of the type of a character whose basic portion 
is displayed in the region 1501, whereby a marker which indicates that a correction pattern protrudes from the region 

35 1501 is set in the position of the at least one sub-pixel. The position of a pixel or sut>-pixel in which a marker is set is 
not limited to the lower right comer of the region 1 501 . For example, the marker may be set in the position at the lower 
left corner of the region 1 501 . Alternatively, the marker may be set at an intermediate position in the lowermost row of 
the region 1501. 

[0109] Figure 16 shows the display plane 400 at a time after the processes of Figure 5 have been performed on the 

40 character sequence "HA". In Figure 16, each box represents a sub-pixel included in the display plane 400. 

[0110] In the example Illustrated in Figure 16, a region 1601 is shown on the display plane 400 in addition to the 
region 1501 and the region 1502 shown in Figure 15. The brightness levels of sub-pixels included in the region 1601 
(sub-pixels whose color element levels are stored in the storage buffer) are set at Step SI 20 of Figure 5. 
. [0111] Thus, the control section 20 of the character display apparatus 1 sets the color element level of at least one 

45 first sub-pixel corresponding to the basic portion of the first character "H" (sub-pixel included in the region 1501 and 
shown by a hatching indicating color element level 7) to a predetermined color element level (color element level 7). 
The control section 20 further sets the color element level of at least one first vicinal sub-pixel which is located in the 
vicinity of the first sub-pixel (sub-pixel included in the region 1501 and shown by a hatching indicating a color element 
level of 5, 2, or 1 and sub-pixels included In the region 1602) to a color element level different from the predetermined 

50 color element level (color element level 5. 2, or 1). In such a way, the display device 10 is controlled such that the 
character "H" is displayed on the display plane 400. Herein, the at least one first vicinal sub-ptxel Is a sub-pixel which 
is located in the vicinity of a sub-pixel corresponding to the basic portion of the character "H". and whose color element 
level is set according to the correction table, i.e.. a sub-pixel on which a correction pattern is placed. 
[011*2] The basic portion of the character "H" is Included in the first frame 601 (Figure 6) having a predetemrilned 

55 size. At least one first sub-pixel corresponding to the basic portion of the character "H" (first character) is included in 
the region 1501 (first region) on the display plane 400 which correspond to the frame 601. At least one first vicinal sub- 
pixel (sub-pixel included in the region 1602) is outside of the region 1501. 

[0113] Thus, even when a correction pattern cannot be placed such that the entire correction pattern is within the 
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region 1501 which corresponds to the frame, a portion of the correction pattern which protrudes from the region 1501 
is placed In a region (region 1602) which is outside of the region 1501 corresponding to the frame of the character "H". 
Thus, the character "H" can be displayed with a high quality. 

[0114] The control section 20 of the character display apparatus 1 controls the display device 10 such that the second 

5 character "A" is displayed on the display plane 400 at a position adjacent to the character "H". The basic portion of the 
character "A" is included in the second frame 611 (Figure 10) having a predetermined size. At least one second sub- 
pixel corresponding to the basic portion of the character "A" (second character) (sub-pixel included In the region 1502 
and shown by a hatching indicating color element level 7) is Included in the region 1 502 on the display plane 400 which 
corresponds to the frame 611 (second region). Further, at least one of the first vicinal sub-pixels (sub-pixels included 

10 in the region 1602) is Included In the region 1502. 

[0115] In this way, a portion of the correction pattern which protrudes from the region 1 501 Is placed within a region 
of the character "A" which is adjacent to the character "H" (region 1502). It Is preferable that placement of such a 
con-ection pattern be performed only when the characters "H" and "A" have identical display attributes. In order to 
determine whether or not the characters "H" and "A" have identical display attributes, an area for storing the display 

15 attribute of a character may be additionally provided In the storage buffer. 

[0116] As apparent from the above descriptions made with reference to Figure 13, the control section 20 of the 
character display apparatus 1 sets the color element level of a sub-pixel Included in the region 1602 based on a color 
element level, which Is detemiined according to a distance from a sub-pixel corresponding to the basic portion of the 
character "H", and a color element level, which Is determined according to a distance from a sub-pixel corresponding 

20 to the basic portion of the character "A". 

[01 1 7] Herein, consider a case where only the character "H" and the character "A" are displayed on the display plane 
400 of the display device 10, and the character "A" is considered as the first character. In this case, a sub-pixel located 
In the vicinity of a sub-pixel con^esponding to the basic portion of the character "A" which is not included in the region 
1502 (i.e., a sub-pixel included in the region 1603) is not included In either of the regions 1501 and 1502 on the display 

25 plane 400 which corresponds to the frames of the characters "H" and "A", respectively 

[0118] The processes perfonned at Steps S118 through S120 of Figure 5 may be omitted. In this case, the character 
sequence "HA" is displayed on the display plane 400 as shown in Figure 15. In the example illustrated In Figure 15, 
setting of the color element level based on a correction pattem. which is performed In the example illustrated In Figure 
16, is not performed on the sub-pixels included in the region 1603. Thus, color noise occurs at a lower right portion of 

30 the character "A", and the thickness of the width of a line of the character does not appear to have a desired width at 
that portion. Such a phenomenon deteriorates the display quality of the character. However, such a phenomenon 
occurs only when a protrusion of a correction pattem occurs at the end of a line of characters, and a deterioration of 
the display quality also occurs in the last character In that line. Thus, such a deterioration of the display quality is not 
a significant deterioration. 

35 [01 19] In the above descriptions made with reference to Figure 5, acquisition of basic portion data at Step S103 is 
performed by reading basic portion data prepared in the character data 42a from the auxiliary storage apparatus 40. 
However, the method for acquiring the basic portion data is not limited to this method. As a method for acquiring the 
basic portion data, for example, a method for generating basic portion data from bit map data which defines the shape 
of a character on a pixel-by-pixel basis (bit map defined by units of a pixel) may be employed, as well as reading from 

40 the auxiliary storage apparatus 40. Examples of the bit map defined by units of a pixel includes, for example, a con- 
ventionally-employed dot font. 

[01 20] Hereinafter, a method for generating basic portion data from a bit map defined by units of a pixel Is described 
with reference to Figures 17 through 23. 

[0121] Figure 17 Illustrates a procedure of processing for generating basic portion data from a bit map defined by 
45 units of a pixel. This processing Is executed by the CPU 21 during the processing at step 8103 (Figure 5). Each step 
in the procedure for generating basic portion data from a bit map defined by units of a pixel will now be described. 
[0122] Step S1001 : A bit map for one character defined by units of a pixel which corresponds to the character code 
and character size of the character input at step S102 (Figure 5) is stored in the main memory 22. This bit map defined 
by units of a pixel Is included in the character data 42a stored In the auxiliary storage apparatus 40. 
50 [0123] Step S1002: It is detemnined whether or not each bit Included in the bit map defined by units of a pixel is "1". 
If a result of the determination at Step S1002 is "Yes", the process proceeds to Step S1003. If a result of the determi- 
nation at Step S1002 is "No", the process proceeds to Step S1005. 

[0124] Step S1003: A "1T0" arrangement pattern of bits located in the vicinity of a current bit is examined. 
[0125] Step SI 004: Among sub-pixels included in the pixel corresponding to the current bit, a sub-pixel corresponding 
55 to a basic portion of the character is defined based on the "vrO" an-angement pattern of the bits located in the vicinity 
of the current bit. This determination of a sub-pixel corresponding to a basic portion is achieved according to a prede- 
termined basic portion definition rule. This basic portion definition rule will be described later with reference to Figures 
20A, 20B, 21 A, 21 B, 22A, and 22B. 
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[0126] Step S1005: It is determined whether steps S1002-S1004 have been performed for all of the bits which form 
the bit map defined by units of a pixel. If a result of the determination at step S1 005 is "No", the process returns to step 
S1002. If a result of the determination at step S1005 is "Yes", the process terminates. 

[0127] Figure 18 shows a portion of a bit map which represents a character. D(x,y) is a current bit. In this example, 
a bit in the vicinity of the current bit, D(x+a,y+b), is represented as N(a,b). Figure 18 shows eight vicinal bits which are 
vertically, horizontally, or diagonally adjacent to the current bit D(x,y). i.e.. N(-1.-1).N(0.-1). N(1.-1). N(-1,0). N(1.0). N 
(-1 ,1). N(0.1). and N(1,1). These eight vicinal bits are referred to as "eight neighborhoods". Each bit included In the bit 
map defined by units of a pixel has a value of "1" or "0". A bit having a value of "1" corresponds to a black area of the 
character. A bit having a value of "0" corresponds to a white area of the character. The bits N(a,b) and D(x,y) each 
have a value of "1" or "0". 

[0128] Figure 19 shows a portion of the display plane 400 of the display device 10. P(x,y) is a pixel on the display 
plane. The bit D(x.y) of Figure 18 is assigned to the pixel P(x,y). The pixel P(x,y) includes three sub-pixels, C(3x.y), C 
(3x+1.y). and C(3x+2.y). When the bit D(x,y) has a value of"!", among the three sub-pixels, C(3x,y), C(3x+1,y), and 
C(3x+2,y), a sub-pixel for the basic portion is defined according to the basic portion definition rule. When the bit D(x, 
y) has a value of "0", none of the three sub-pixels is defined as a sub-pixel for the basic portion. 
[0129] According to the basic portion definition rule, whether or not each of the three sub-pixels included in the pixel 
P(x.y) is defined as a sub-pixel for the basic portion depends on the "0"/"1" arrangement of the bits N(a,b) in the vicinity 
of the bit D(x,y) corresponding to the pixel P(x,y). The basic portion definition rule is now described. In a description 
below, it is assumed that the bit D(x,y) has a value of "1". 

[0130] Figure 20A shows an example of eight neighborhoods around the current bit D(x.y) in the bit map defined by 
units of a pixel. In the following description, a bit N(a.b) which has a value of "1" is represented as "N(a,b)=1" . For 
example, in Figure 20A, N(0.-1)=N(1,1)=1, and N(1.0)=N(0.1)=N(-1,1)=N{-1,0)=0. In Figure 20A, bits N(-1,-1) and N 
(1.-1) indicated by " each have any value of "0" and "1". Similarly in Figures 21A and 22A, a bit indicated by "3^ " 
has any value of "0" and "1". These bits are not considered in the basic portion definition rule. 

[0131] Figure 20B shows sub-pixels defined as sub-pixels for the basic portion based on the basic portion definition 
rule when the eight neighborhood bits around the bit D(x,y) have values shown in Figure 20A. A pixel P(x,y) on the 
display plane which corresponds to the bit D(x,y) includes three sub-pixels. C(3x,y). C(3x+1 .y), and C(3x+2.y). Among 
these sub-pixels shown in Figure 20B, a sub-pixel labeled with "1" is defined as a sub-pixel for the basic portion, and 
sub-pixels labeled with "0" are not defined as a sub-pixel for the basic portion. That is. the sub-pixel C(3x+2,y) is defined 
as a sub-pixel for the basic portion, and the sub-pixels C(3x,y) and C(3x+1.y) are not defined as a sub-pixel for the 
basic portion. 

[0132] The basic portion definition rule described with reference to Figures 20A and 20B can be represented by 
using logical expressions. 

[0133] In the following description, when logical values A and B are given, for example, "A*B" denotes a logical AND 
of the logical values A and B, "!A" denotes a logical NOT of the logical value A. When this rule is applied, in the case 
where the eight neighborhood bits around the bit D(x.y) have the values shown In Figure 20A, logical expression (1) 
Is satisfied: 

N(0,-1)*!N(-1,0)*!N(1,0)*!N(-1.1)*!N(0,1)*N(1,1)=1 (1) 

[0134] Furthermore, the above process in which the sub-pixel C(3x+2,y) is defined as a sub-pixel for the basic portion 
and the sub-pixels C(3x.y) and C(3x+1,y) are not defined as a sub-pixel for the basic portion can be represented by 
expressions (2): 

C(3x.y)=0. C(3x+1 ,y)=0. C(3x+2.y)=1 (2) 

[0135] The "basic portion" of a character refers to a portion corresponding to a core of the character. Now. consider 
a central portion of each stroke included In the character as a core of the character In such a case, since the bit map 
defined by units of a pixel does not include information about the strokes, the basic portion must be defined by an 
estimation. The basic portion cannot be estimated from information about the current bit D(x,y) but can be estimated 
from information about the bits located in the vicinity of the current bit D(x.y). For example, from the bit map defined 
by units of a pixel shown in Figure 20A, it is estimated that the stroke Is a curve which passes through a region con-e- 
sponding to the bits N(0,-1). D(x.y), and N(1 ,1) (shown by a broken line 1301 in Figure 20A). As indicated by the broken 
line, this curve is considered to pass through the right side of the region corresponding to the bit D(x,y). Thus, referring 
to Figure 20B, the sub-pixel C(3x+2.y) included In the right side of the pixel P(x.y) corresponding to the bit D(x.y) is 
defined as a sub-pixel of the basic portion. The basic portion is defined on a sub-pixel by sub-pixel basis. 
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[0136] The basic portion definition rule is generated based on the above estimation. The generated basic portion 
definition rule is represented by the above logical expressions, and used at Step S1004 in the process shown In Figure 
17. 

[0137] Figure 21 A shows another example of eight neighborhoods around the cun-ent bit D(x.y) In the bit map defined 
5 by units of a pixel. 

[01 38] Figure 21 B shows sub-pixels defined as sub-pixels for the basic portion based on the basic portion definition 
mle when the eight neighborhood bits around the bit D(x,y) have values shown In Figure 21 A. The basic portion def- 
inition rule represented by Figures 21 A and 21 B can be represented by using the following logical expressions: 

WhenN(-1,0)*N(1.0)=1. 
C(3x.y)=1 . C(3x+1 .y)=1 . C(3x+2.y)=1 (3) 

15 [0139] Figure 22A shows still another example of eight neighborhoods around the current bit D(x,y) In the bit map 

data. 

[0140] Figure 22B shows sub-pixels defined as sub-pixels for the basic portion based on the basic portion definition 
rule when the eight neighborhood bits around the bit D(x,y) have values shown in Figure 22A. The basic portion def- 
inition rule represented by Figures 22A and 22B can be represented by using the following logical expressions: 

20 

When N(0.-1)*!N(-1.0)*!N(1,0)*N(0.1)=1. 

C(3x.y)=0, C(3x+1 ,y)=1 . C(3x+2,y)=0 (4) 

25 

[0141] Thus, such a basic portion definition rule as described above is provided for the "1T0" arrangement pattern 
of the eight dots in the vicinity of the current bit D(x.y), whereby the basic portion of a character is defined on a sub- 
pixel by sub-pixel basis. 

[0142] In this way, basic portion data which defines the basic portion of a character on a sub-pixel by sub-pixel basis 
30 Is generated. 

[0143] Figure 23 shows all "1T0" arrangement patterns of the eight neighborhood dots around the current bit D(x, 
y). Each box shown In Figure 23 includes the current bit D(x.y) and the eight neighborhood dots therearound. Each 
box is divided into nine regions. Each black region corresponds to a bit having a value of "1", and each white region 
corresponds to a bit having a value of "0". Figure 23 shows 256 boxes. This is because each of the eight neighborhood 

35 dots has a value of "1" or "0". and accordingly, the number of the "1T'0" arrangement patterns results in 28=256 patterns. 
However, the number of basic portion definition rules is not necessarily required to be the same as the number of the 
"17"0" arrangement patterns, i.e., 256. As previously described, in Figures 20A, 21A, and 22A, bits indicated by " 
each have any value of "0" and "1" and are not considered in the basic portion definition rule. Since the basic portion 
definition rule includes bits which are not considered therein, one basic portion definition rule can cover a plurality of 

40 "vvo" arrangement patterns among those shown in Figure 23. For example, the basic portion definition rule repre- 
sented by Figures 20A and 20B covers the "rrO" anangement patterns shown in the boxes 1701, 1702, 1703, and 
1704 of Figure 23. Thus, when the basic portion definition rule encompasses cases where a bit takes any value of "1" 
or "0", the number of the basic portion definition rules required for the present invention can be reduced. 
[0144] The basic portion definition rule may be described In the form of a group of logical expressions as described 

45 above or In the form of table data. 

[0145] Figure 24 shows an example of a bit map 2401 defined by units of a pixel which represents a character "H". 
The bit map 2401 defined by units of a pixel has a size of 10 dots x 10 dots. In Figure 24, each hatched box represents 
a bit of "1", and each open box represents a bit of "0". Eachbit corresponds to one pixel on the display plane 400. 
Thebitmap 2401 Is demarcated by a region 2402 having a size of 10 dots x 10 dots. 

50 [0146] The process shown in Figure 17 is perfomned on the bit map 2401 defined by units of a pixel, whereby the 
basic portion data 600 (Figure 6) is generated. The region 2402 shown in Figure 24 corresponds to the frame 601 
shown in Figure 6. 

[0147] Figure 25 shows an example of a bit map 2411 defined by units of a pixel which represents a character "A". 
The bit map 2411 is defined by a region 2412 having a size of 10 dots x 10 dots. The process shown In Figure 25 is 
55 performed on the bit map 241 1 defined by units of a pixel, whereby the basic portion data 610 (Figure 10) is generated. 
The region 2412 shown in Figure 25 corresponds to the frame 611 shown in Figure 10. 

[0148] Other known methods for generating basic portion data include a method for generating basic portion data 
from character outline information which represents the outline of a character, and a method for generating basic portion 
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data from stroke data which represents stroke information of a character. These methods may be employed at Step 
S103 of Figure 5. When any of such methods Is employed for generating basic portion data, the frame of basic portion 
data is defined according to the employed generation method. 

5 (Embodiment 2) 

[0149] Figure 26 illustrates a structure of a character display apparatus 2 according to embodiment 2 of the present 
invention. The character display apparatus 2 includes an overwrite program 43 in addition to the components of the 
character display apparatus 1 shown in Figure 1, In Figure 26, like elements are indicated by like reference numerals 
10 used in Figure 1, and detailed descriptions thereof are omitted. The CPU 21 executes the overwrite program 43 so 
that character overwrite process is achieved. The character overwrite process is one where a character display process 
for displaying a new character is achieved by overwrite. 

[0150] Figure 27 is a flowchart which illustrates an execution of an overwrite process by an overwrite program 43. 
In the description below, a character currently displayed on the display plane 400 and a character to be written over 
IS the currently-displayed character have the same size. In Figure 27, like steps are indicated by like reference numerals 
used in Figure 5, and detailed descriptions thereof are omitted. 

[0151] Step S200: At least one character to be displayed on the display plane 400 of the display device 10 is input. 
[0152] Step S201 : It is determined whether or not a marker is set In a region for one character on the display plane 
400 on which a character is to be overwritten. This determination is achieved by examining whether or not the value 
20 of a pixel at a predetermined position in the region for one character on which a character is to be ovenfl/ritten. is a 
value which represents the marker (e.g., Oxfffffe). The value of the pixel can be obtained by refemng to a value of a 
VRAM (not shown), for example. 

[0153] In the case where the number of characters to be ovenvritten is 2 or more, the processes of Steps S201 
through S205 needs to be performed only on the rightmost character area in a region on the display plane 400 on 
25 which the characters are to be overwritten. 

[0154] If a result of the determination at Step S201 is "Yes", the process proceeds to Step S202. If a result of the 
determination at Step S201 is "No", the process proceeds to Step S2d6. 

[0155] Step S202: The brightness level of a sub-pixel at a fourth sub-pixel position from the right-side border of the 
region on the display plane 400 to be overwritten is converted to a color element level. The position of the sub-pixel, 
30 whose brightness level is converted to a color element level, from the right-side border of the region to be overwritten 
is determined based on the length of a correction pattern. That position is determined at a position where a correction 
pattern protruding from the region to be overwritten does not reach. Preferably, that position is determined at the ("length 
of correction pattem" plus 1)-th position from the right-side border of the region to be ovenwritten. Herein, the length 
of the correction pattern is "3". 

35 [0156] Step S203: The color element levels of sub-pixels are set in the first through third sub-pixel positions from 
the right-side border of the region on the display plane 400 to be overwritten. 

[0157] Step S204: The color element levels of the sub-pixels at the first through third sub-pixel positions from the 
right-side border of the region on the display plane 400 to be overwritten are converted to brightness levels. 
[0158] Step S205: Brightness data, which represents brightness levels of the sub-pixels at the first through third sub- 
40 pixel positions from the right-side border of the region on the display plane 400 to be ovenA^ritten. is output to the display 
device 10. 

[0159] Step S206: A character to be overwritten is displayed. The process of Step S206 is achieved by performing 
the processes of Steps S103 through S120 illustrated with reference to Figure 5. It should be noted that, in the process 
of outputting brightness data for sub-pixels whose color element levels are stored in the storage buffer to the display 
45 device 10 at Step S120. the brightness levels represented by this brightness data and the brightness levels currently 
set for those sub-pixels which correspond to the color element levels stored in the storage buffer are conripared for 
each sub-pixel. In this example (where the background color is white, and the character color is black), the lower 
brightness level is set as a new brightness level. 

[01 60] Hereinafter, the character overwrite process is described with reference to Figures 28 through 35, considering 
50 an example where a character sequence "HA" is currently displayed on the display plane 400 of the display device 10, 
and a character "V" is written over the character "H". 

[0161] Figure 28 shows the character sequence "HA" displayed on the display plane 400 of the display device 10. 
At Step S202 of Figure 27. the brightness level of a sub-pixel at a fourth sub-pixel position from the right-side border 
2802 of the region 2802 on the display plane 400 to be overwritten (sub-pixel included in a region 2801) is converted 
55 to a color element level. The value of the sut>-pixel can be obtained by referring to a value of a VRAM (not shown), for 
example. 

[0162] Figure 29 shows the brightness levels of sub-pixels included In the region 2801 shown in Figure 28. In Figure 
29, each box corresponds to one of the sub-pixels included in the region 2801. The numeric value shown in each box 
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represents the brightness level of a sub-pixel corresponding to that box. 

[0163] Figure 30 shows an example of a table 3001 which defines correspondence betweenbrightness levels and 
color element levels. The table 3001 is used for converting the brightness level of a sub-pixel to a color element level 
at Step S202 of Figure 27. Conversion performed using the table 3001 is inverslve to the conversion perfomned using 
5 the brightness table 392 shown in Figure 3. In the case where, in the brightness table 392 shown in Figure 3, the 
correspondence between brightness levels and color element levels is different among the color elements R, G, and 
B. the table 3001 is modified so as to define the correspondence between brightness levels and color element levels 
for each of the color elements R, G, and B. 

[0164] Figure 31 shows the color element levels of sub-pixels included in the region 2801, which are obtained after 
10 the brightness levels of the sub-pixels shown in Figure 29 are converted to color element levels using the table 3001 
shown in Figure 30. In Figure 31, a numeric value shown in each box represents the color element level of a sub-pixel 
corresponding to that box, 

[0165] Figure 32 shows a table 3201 which defines the correspondence between the color element level of a target 
sub-pixel and the color element levels of sub-pixels adjacent to the target sub-pixel. The table 3201 is used at Step 
15 S203 of Figure 27 for setting the color element levels of sub-pixels in the first through third sub-pixel positions from 
the right-side border of the region on the display plane 400 to be overwritten. 

[0166] According to the table 3201, for example, when the color element level of a target sub-pixel (in this case, a 
sub-pixel at a fourth sub-pixel position from the right-side border of the region on the display plane 400 to be overwritten) 
is "5", the color element levels of three sub-pixels located adjacent to the left side of the target sub-pixel (sub-pixels 
20 at the first to third sub-pixel positions from the right-side border of the region on the display plane 400 to be ovenvritten) 
are set to "0", "1", and "2", respectively, from left to right. 

[0167] Figure 33 shows the color element levels of sub-pixels at the first to third sub-pixel positions from the right- 
side border of the region on the display plane 400 to be overwritten (sub-pixels included in the region 2803 shown in 
Figure 28), which are set using the table 3201 shown in Figure 32. In Figure 33, a numeric value shown in each box 
25 represents the color element level of a sub-pixel corresponding to that box. 

[0168] Figure 34 shows the brightness levels of sub-pixels included in the region 2803, which are obtained after the 
color element levels of the sub-pixels shown in Figure 33 are converted to brightness levels. Such conversion is per- 
formed using the brightness table 392 (Figure 3) at Step S204 of Figure 27. 

[0169] In the process of ovenwriting a character "V" onto the character "H", the processes at Steps S202 through 
30 S205 are performed, whereby the color element levels of all the sub-pixels included in the region 2803 are set again. 
As a result, among sub-pixels located in the vicinity of the sub-pixels corresponding to the basic portion of the character 
"H", the color element level of a sub-pixel(s) located outside of a region corresponding to the frame of the character 
"H" (the region 1501 to be ovenwritten) is set again. This is because such sub-pixels (sub-pixels included In the region 
1602 shown in Figure 16) are included in the region 2803. 
35 [0170] Figure 35 shows the display plane 400 after the character "V" has been written over the character "H" of the 
character sequence "HA" through the character ovenft^rite process illustrated in Figure 27. 

[0171] Figure 36 shows the display plane 400 after the character overwrite process illustrated in Figure 27 has com- 
pleted, but the processes of Steps S202 through S205 have not been performed. In this case, among sub-pixels located 
in the vicinity of the sub-pixels corresponding to the basic portion of the character "H", the color element level of a sub- 
40 pixel(s) located outside of the region 1501 which corresponds to the frame of the character "H" is not set again. As a 
result, noise 3601 which is uncomfortable to a human eye is left on the display plane 400, resulting in an unpreferable 
display condition. 



(Embodiment 3) 

45 

[0172] Figure 37 illustrates a structure of a character display apparatus 3 according to embodiment 3 of the present 
invention. The character display apparatus 3 includes a character display program 41a in place of the character display 
program 41 of the character display apparatus 1 shown in Figure 1. In Figure 37, like elements are indicated by like 
reference numerals used in Figure 1 , and detailed descriptions thereof are omitted. The CPU 21 executes the character 
50 display program 41a so that character display processing is achieved. 

[01 73] Figure 38 illustrates a procedure of the character display processing which is executed based on the character 
display program 41a. In Figure 38, like steps are indicated by like reference numerals used in Figure 5, and detailed 
descriptions thereof are omitted. 

[01 74] Step S300: Basic portion data for one character corresponding to an input character code and character size 
55 is acquired, and stored in the main memory 22. When the number of characters input at Step S102 is two or more, 
Steps S300 and S301 are repeated a number of times same as the number of characters. In such a case, basic portion 
data for each of the characters is stored in the main memory 22 together with information regarding the positional 
relationship of the characters. For example, in the case where the character sequence "HA" is displayed on the display 
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plane 400, the basic portion data is stored in the main memory 22 together with information which indicates that the 
character "A" is displayed at the right side of the character "H". 

[0175] Acquisition of the basic portion data may be achieved by reading from the auxiliary storage apparatus 40. 
Alternatively, the basic portion data may be generated from bit map data which defines the shape of a character on a 

5 pixel-by-pixel basis. Still alternatively, the basic portion data may be generated from character outline information which 
represents the outline of a character, or from stroke data which represents stroke information of a character. 
[0176] Step S301 : It Is determined whether or not there is a next character to be displayed. If a result of the deter- 
mination at Step S301 is "Yes", the process returns to Step S300. If a result of the determination at Step S301 is "No", 
the process proceeds to Step S104. 

10 [0177] Hereinafter, the character display process is described with reference to Figures 39 through 42. considering 
an example where a character sequence "HA" is displayed on the display plane 400 of the display device 10. 
[0178] Figure 39 shows the basic portion data of the character/'H" and the basic portion data of the character "A" 
which are stored in the region 3901 on the main memory 22. In Figure 39, each box corresponds to one sub-pixel of 
the display plane 400. A sub-pixel corresponding to a hatched box corresponds to the basic portion of the character 

15 "H" or the character "A". 

[0179] Figure 40 shows an example where the color element levels of sub-pixels corresponding to the basic portion 
of the character "H" and the color element levels of sub-pixels corresponding to the basic portion of the character "A" 
are set to a predetennined value (color element level "7"). This setting process Is perfomned at Step SI 05 of Figure 
38 on the main memory 22 in a virtual manner. 

20 [0180] Figure 41 shows an example where the color element levels of sub-pixels located In the vicinity of the sub- 
pixels corresponding to the basic portions of the character "H" and the character "A" are set to values different from 
the predetermined value (any of color element levels "5", "2". and "1"). This setting process is performed, at Step S109 
of Figure 5, on the main memory 22 In a virtual manner. A sub-pixel con^esponding to an open box which does not 
contain a numeric number is considered as a sub-pixel corresponding to the background of the character. The color 

25 element level of such a sut>-pixel is set to "0". 

[0181] In the setting process of Figure 41 for setting the color element level of sub-pixels, the color element level of 
a sub-pixel located in the vicinity of a sub-pixel corresponding to the basic portion of the character "H" (first character) 
and the color element level of a sub-pixel located in the vicinity of a sub-pixel corresponding to the basic portion of the 
character "A" (second character) are each set to the higher one of a color element level, which is determined according 

30 to a distance from the sub-pixel corresponding to the basic portion of the character "H" and a color element level, which 
is determined according to a distance from the sub-pixel corresponding to the basic portion of the character "A". Thus, 
according to the character display apparatus 3 of embodiment 3 of the present invention, in either of a case where the 
correction pattern for the character "H" protrudes rightward (toward the character "A") or a case where the correction 
pattern for the character "A" protrudes leftward (toward the character "H"), the color element level of a sub-pixel which 

35 is to be determined based on that correction pattern is suitably determined in consideration of both a distance from 
the sub-pixel corresponding to the basic portion of the character "H" and a distance from the sub-pixel corresponding 
to the basic portion of the character "A". That is. a protruded portion of a correction pattern for one character is placed 
in a region of the other character. With such an arrangement, the characters are displayed with a high quality 
[0182] Figure 42 shows the character sequence "HA" displayed on the display plane 400 after the process illustrated 

40 in Figure 38 has been completed. In Figure 42, each box represents one sub-pixel included in the display plane 400. 
[0183] The character display process according to embodiment 3 of the present invention has been described while 
considering an example where the character sequence "HA" is displayed on the display plane 400 of the display device 
10. However, it should be appreciated that the number of characters included in such a character sequence to be 
displayed is not limited to 2. 

45 [0184] In the above-described embodiments 1-3, the examples where English language alphabets are displayed on 
the display plane 400 of the display device 10 have been considered. However, application of the present invention is 
not limited to English language alphabets. The present invention is applicable to characters of any other language (for 
example, Chinese characters, the Hangul (Korean) alphabet, etc.). 

[0185] According to the present invention, the control section 20 of the character display apparatus 1 controls the 
50 display device 10 such that the color element level of at least one first sub-pixel, which corresponds to the basic portion 
of a first character, is set to a predetermined color element level, and the color element level of at least one first vicinal 
sub-pixel, which is located in the vicinity of the first sub-pixel, is set to a color element level different from the prede- 
termined color element level, whereby the first character is displayed on the display plane 400. The basic portion of 
the first character is included in the first frame having a predetermined size. The at least one first sub-pixel which 
55 corresponds to the basic portion of the first character is included in a region on the display plane 400 which con*esponds 
to the frame (first region). The at least one first vicinal sub-pixel is located out of the first region. 
[0186] Due to such an arrangement, even when a correction pattern (a pattern for setting the color element level of 
a sub-pixel to a color element level different from the predetermined color element level) for a character cannot be 
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placed within the first region which corresponds to the frame of the character, a portion of the correction pattern which 
protrudes from the first region is placed out of the first region. Thus, the first character can be displayed with a high 
quality. 

[0187] Various other modifications will be apparent to and can be readily made by those skilled In the art without 
5 departing from the scope and spirit of this invention. Accordingly, it is not intended that the scope of the claims appended 
hereto be limited to the description as set forth herein, but rather that the claims be broadly construed. 



Claims 

10 

1. A character display apparatus, comprising: . 

a display device including a display plane having a plurality of pixels; and 
a control section for controlling the display device. 

15 

wherein each of the plurality of pixels includes a plurality of sub-pixels arranged along a predetemnlned 
direction, a corresponding one of a plurality of color elements being pre-assigned to each of the plurality of sub- 
pixels, 

the intensity of each of the plurality of color elements is represented by a plurality of color element levels in 
20 a stepwise fashion. 

each of the plurality of sub-pixels has one of the plurality of color element levels, 
the control section controls the display device such that: 

a color element level of at least one first sub-pixel, which corresponds to a basic portion of a first character. 
25 is set to a predetermined color element level; and 

a color element level of a first vicinal sub-pixel located in the vicinity of the at least one first sub-pixel is set to 
a color element level which is different from the predetermined color element level, whereby the first character 
is displayed on the display plane, 

30 the basicportion of the first character is included in a first frame having a predetennined size. 

the at least one first sub-pixel is included in a first region on the display plane which corresponds to the first 
frame, and 

at least one of the at least one first vicinal sub-pixel is out of the first region. 

35 2. A character display apparatus according to claim 1 , wherein: 

the control section controls the display device such that a second character is displayed on the display plane 
at a position adjacent to the first character, 

a basic portion of the second character is included in a second frame having a predetermined size; 
40 at least one second sub-pixel corresponding to the second character is included in a second region on the 

display plane which corresponds to the second frame; and 

the at least one of the at least one first vicinal sut)-pixel is included in the second region. 

3. A character display apparatus according to claim 2, wherein the first character and the second character have 
^5 identical display attributes. 

4. A character display apparatus according to claim 1 , wherein: 

each of the basic portions of all the characters displayed on the display device is Included in a frame having 
50 a predetermined size; and 

the at least one of the at least one first vicinal sub-pixel is not included in either of the regions on the display 
plane which respectively correspond to the frames. 

5. A character display apparatus according to claim 2, wherein the control section sets a color element level of the 
55 at least one of the at least one first vicinal sub-pixel based on a color element level which is determined according 

to a distance from the at least one first sub-pixel and a color element level which is determined according to a 
distance from the at least one second sub-pixel. 
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6. A character display apparatus according to claim 1 , wherein the control section sets the intensity of a color element 
of at least one predetermined sub-pixel included In the first region to a predetermined value regardless of a type 
of the first character 

7. A character display apparatus according to claim 1 , wherein the control section sets again the color element level 
of the at least one of the at least one first vicinal sub-pixel when the control section controls the display device so 
as to write a third character over the first character displayed on the display plane. 

8. A character display apparatus, comprising: 

a display device including a display plane having a plurality of pixels; and 
a control section for controlling the display device, 

wherein each of the plurality of pixels includes a plurality of sub-pixels arranged along a predetermined 
15 direction, a corresponding one of a plurality of color elements being pre-asslgned to each of the plurality of sub- 

pixels, 

the intensity of each of the plurality of color elements is represented by a plurality of color element levels in a 
stepwise fashion, 

20 each of the plurality of sub-pixels has one of the plurality of color element levels, 

the control section controls the display device such that: 

a color element level of at least one first sut)-pixel, which corresponds to a basic portion of a first character, 
and a color element level of at least one second sub-pixel, which corresponds to a basic portion of a 

25 second character, are set to a predetermined color element level; and 

a color element level of a sub-pixel located in the vicinity of the at least one first sub-pixel and a color 
element level of a sub-pixel located in the vicinity of the at least one second sub-pixel are set to a color 
element level which is different from the predetermined color element level, based on a color element 
level which is determined according to a distance from the at least one first sub-pixel and a color element 

30 level which is determined according to a distance from the at least one second sub-pixel, whereby the 

first and second characters are displayed on the display plane. 

9. A character display method for displaying a character on a display plane having a plurality of pixels. 

wherein each of the plurality of pixels includes a plurality of sub-pixels arranged along a predetermined 
35 direction, a corresponding one of a plurality of color elements being pre-assigned to each of the plurality of sub- 

pixels. 

the intensity of each of the plurality of color elements is represented by a plurality of color element levels in 
a stepwise fashion, 

each of the plurality of sub-pixels has one of the plurality of color element levels, 
40 the method comprises steps of: 

(a) setting a color element level of at least one first sub-pixel, which corresponds to a basic portion of a first 
character, to a predetermined color element level; and 

(b) setting a color element level of at least one first vicinal sub-pixel located in the vicinity of the at least one 
45 first sub-pixel to a color element level which is different from the predetermined color element level, 

wherein the basic portion of the first character is included in a first frame having a predetermined size, 
the at least one first sub-pixel is included in a first region on the display plane which corresponds to the first 
frame, and 

50 at least one of the at least one first vicinal sub-pixel is out of the first region. 

10- A character display method for displaying a character on a display plane having a plurality of pixels, 

wherein each of the plurality of pixels includes a plurality of sub-pixels arranged along a predetermined 
direction, a corresponding one of a plurality of color elements being pre-assigned to each of the plurality of sub- 
55 pixels, 

the intensity of each of the plurality of color elements is represented by a plurality of color element levels in 
a stepwise fashion. 

each of the plurality of sub-pixels has one of the plurality of color element levels. 
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the method comprises steps of: 

(a) setting a color element level of at least one first sub-pixel, which corresponds to a basic portion of a first 
character, a color element level of at least one second sub-pixel, which corresponds to a basic portion of a 

5 second character, to a predetermined color element level; and 

(b) setting a color element level of a sub-pixel located in the vicinity of the at least one first sut>pixel and a 
color element level of a sub-pixel located in the vicinity of the at least one second sub-pixel to a color element 
level which is different from the predetermined color element level, based on a color element level which is 
determined according to a distance from the at least one first sub-pixel and a color element level which is 

10 determined according to a distance from the at least one second sub-pixel. 

11. A program for allowing an information display apparatus to execute character display processing, the information 
display apparatus including a display device which is provided with a display plane having a plurality of pixels, 

wherein each of the plurality of pixels includes a plurality of sub-pixels arranged along a predetermined 
15 direction, a corresponding one of a plurality of color elements being pre-assigned to each of the plurality of sub- 

pixels, 

the intensity of each of the plurality of color elements is represented by a plurality of color element levels In 
a stepwise fashion, and 

each of the plurality of sub-pixels has one of the plurality of color element levels, 
20 the character display processing comprises steps of: 

(a) setting a color element level of at least one first sub-pixel, which corresponds to a basic portion of a first 
character, to a predetermined color element level; and 

(b) setting a color element level of at least one first vicinal sub-pixel located in the vicinity of the at least one 
25 first sub-pixel to a color element level which Is different from the predetermined color element level. 

wherein the basic portion of the first character is included in a first frame having a predetermined size, 
the at least one first sub-pixel Is included In a first region on the display plane which corresponds to the first 
frame, and 

30 at least one of the at least one first vicinal sub-pixel is out of the first region, 

12. A program for allowing an information display apparatus to execute character display processing, the Information 
display apparatus including a display device which Is provided with a display plane having a plurality of pixels, 

wherein each of the plurality of pixels includes a plurality of sub-pixels arranged along a predetermined 
35 direction, a corresponding one of a plurality of color elements being pre-assigned to each of the plurality of sub- 

pixels, 

the intensity of each of the plurality of color elements is represented by a plurality of color element levels In 
a stepwise fashion, and 

each of the plurality of sub-pixels has one of the plurality of color element levels. 
40 the method comprises steps of: 

(a) setting a color element level of at least one first sub-pixel, which corresponds to a basic portion of a first 
character, a color element level of at least one second sub-pixel, which corresponds to a basic portion of a 
second character, to a predetermined color element level; and 
45 (b) setting a color element level of a sub-pixel located in the vicinity of the at least one first sub-pixel and a 

color element level of a sub-pixel located in the vicinity of the at least one second sub-pixel to a color element 
. level which is different from the predetermined color element level, based on a color element level which is 
determined according to a distance from the at least one first sub-pixel and a color element level which is 
determined according to a distance from the at least one second sub-pixel. 

50 

13. A recording medium which can be read by an information display apparatus, the information display apparatus 
including a display device which is provided with a display plane having a plurality of pixels, 

wherein the recording medium stores a program which allows the information display apparatus to execute 
character display processing, 

55 each of the plurality of pixels includes a plurality of sub-pixels arranged along a predetermined direction, a 

corresponding one of a plurality of color elements being pre-assigned to each of the plurality of sub-pixels, 

the intensity of each of the plurality of color elements is represented by a plurality of color element levels in 
a stepwise fashion, and 
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each of the plurality of sub-pixels has one of the plurality of color element levels, 
the character display processing comprises steps of: 

(a) setting a color element level of at least one first sub-pixel, which corresponds to a basic portion of a first 
5 character, to a predetermined color element level; and 

(b) setting a color element level of at least one first vicinal sub-pixel located in the vicinity of the at least one 
first sub-pixel to a color element level which is different from the predetermined color element level. 

wherein the basic portion of the first character is included in a first frame having a predetermined size, 
10 the at least one first sub-pixel is included in a first region on the display plane which corresponds to the first 

frame, and 

at least one of the at least one first vicinal sub-pixel is out of the first region. 

14. A recording medium which can be read by an information display apparatus, the information display apparatus 
15 including a display device which is provided with a display plane having a plurality of pixels, 

wherein the recording medium stores a program which allows the information display apparatus to execute 
character display processing, 

each of the plurality of pixels includes a plurality of sub-pixels arranged along a predetermined direction, a 
corresponding one of a plurality of color elements being pre-assigned to each of the plurality of sub-pixels, 
20 the intensity of each of the plurality of color elements is represented by a plurality of color element levels in 

a stepwise fashion, and 

each of the plurality of sub-pixels has one of the plurality of color element levels, 
the method comprises steps of: 

25 (a) setting a color element level of at least one first sub-pixel, which corresponds to a basic portion of a first 

character, a color element level of at least one second sub-pixel, which corresponds to a basic portion of a 
second character, to a predetermined color element level;, and 

(b) setting a color element level of a sub-pixel located in the vicinity of the at least one first sub-pixel and a 
color element level of a sub-pixel located in the vicinity of the at least one second sub-pixel to a color element 
30 level which is different from the predetermined color element level, based on a color element level which is 

determined according to a distance from the at least one first sub-pixel and a color element level which is 
determined according to a distance from the at least one second sub-pixel. 

35 



40 



45 



50 



55 



24 



EP 1 271 466 A2 



HI 



FIG.1 



20- 



I 



21 



CPU 



o 
o 



'22 



Main memory 



I 



O 
*> 



10 



o 

CO 



Auxiliary storage apparatus 



Charocter display program 



41 



1 



Character data 



-42a 



-40 



Correction table U^^b 



Brightness table | — , 
L ^. 



-42c 



-42 



25 



EP 1 271 466 A2 



FIG. 2 

Y 1 



12 1.2 12 12 12 



26 



EP 1 271 466 A2 



FIG. 3 

Brightness table 392 







Bnghtness level 






R 


G 


B 




7 


0 


0 


0 


: level 


6 


36 


36 


36 


5 


73 


73 


73 


Color element 


4 


109 


109 


109 


3 


146 


146 


146 


2 


18Z 


182 


182 




1 


219 


219 


219 




0 


255 


255 


255 



27 



« 



EP 1 271 466 A2 



FIG. 4 

Correction table 390 





Correction pattern 


Color 

element 

level 


Sub-pixel 1 


5 


Sub-pixel I 


2 


Sub-pixel .3 


1 



28 



EP 1 271 466 A2 



FIG. 5 

( START ) 

^ , S101 
I Set flog to oK 

* -i^Sl 02 

I Input chgpitAer to be displayed r 

f — 



Store basic portion data 
in main memory 



I 



.S103 



Assign dots winch form boac 
portion data to sub-pcceis 



I 



S105 



Set color clement level of 
subTpixd corresponding to;baac 
portion 




Synthesize color element level 
witfi thot of storage buffer 

1 t^lOB 



Clear storoge buffer 



i 



Set color dement level of l^^''^^ 
adjacent sul 




No 



I Set flog to 1 



I Set flog to Oj 



XS112 



Store color element level of 
protruded porti on in storage tHiffer 

I 



SeliMit(erl^S113 



I 



Convert color element level of 
sub-pixel to brightness levd 



I 



'S115 



S1 16 



Output brightness data indicating brightness 
level of sub-pb(d to displcy device 



'S1 17 



^characters displayed 

Ires S1 18 
"nag is 1?^ 



[Yes 



SI 19 



Convert color element level in 
stcffoge buffer to brghtness level 

I 



3120 



Output brightness data indicating brightness level 
of sub-pixel to disploy device 



C END ) 



29 



EP 1 271 466 A2 




30 



EP 1 271 466 A2 



in -mw W W W W W V 



\ 

701 



31 



EP 1 271 466 A2 



FIG. 8 



:1 


Ii2 


5ii 


'i5 


2iij 
























h 


|2 


sb 


: 


211 

211 

1 1 

2l| 

2l| 

21j 

21I 

I21I 
1 1 

|2ll 


ii 


li2 


Sii 






























12 


sii 


fis 


• - 


112 


Sji 




























|l 


lb 


sii 


715 




h 


5:' 


h 


2h" 
























jl 


lb 


d: 


7b 




II2 


5!" 




7";7 




71" 




% 








% 






^!7 


7ji 




7i" 


7i5 




li2 


5|" 




2h 
























• * 


1I2 


sr 


715 








h 




























ii2 


5:" 


7j5 




lj2 


si' 


m 


2h 


























1I2 


sr 


7i5 




1|2 


si* 


/is 


211 


























li2 




715 


\ 

\ 
\ 

-rno 











































701 



32 



EP 1 271 466 A2 



FIG. 9 



r 



2il 



V 



901 



33 



EP 1 271 466 A2 



FIG. 1 0 

Y n-rr 




34 



EP 1 271 466 A2 



FIG. 1 1 

X 



r 





I 


\\ 

1 * 












bi J 










1: 
\'. 
1 i 












7 n 7| 










li 

i; 

4i- 














MM 








1*: 

li 








b 






1 711 i 








■H- 

15 
I: 














MM 








Tt 

li 

1: 






[7 711 


'b 


7b 


7 7bb7ii 


'i77bb7i 








I: 
li 
ll 




7i 












b 1 \ 






li 
li 


b 














\ 7: : 






-M- 
li- 
li 
















! bj 






tr 
li 
li 



















■T 

1201 



711 



35 



EP 1 271 466 A2 



FIG. 12 

t 



r 



2ii 


i 


1: 

i: 
















i7 










I: 
1: 
|i 














17 






7n M M M 


2h 




\- 
li 
-U- 












7! 








i 17 H n n 


2il 




I': 
1: 










b 










n 7M M M 


2j1 




¥r 

I-: 

I: 




















n ! M i u 


2h 


\ 


Ti 
li 
1: 


















'i7 




2|1 


\ 


1: 
li 
11 




7i 
















\\ \\ j 17 n 


2;i 




li 
li 


b 


















n n i i 7i i 






+4- 
li- 
li 




















i j M n |7i 





























'1 — 
1201 



711 



36 



EP 1 271 466 A2 




2111 



2:U 



211 i 



2i1 



1 

2iU 



1^ 



2il3l2:5i7 5:211 



5:7:5 2h 



1257:5:21: 



i;257i5:2r: 



2i5:7 512:1 



1 2:517 5:2:5 7i5;2 1 



112:575:21 



1 2i5:7 5!2:1 



1 2|5j7 7|7i7 7j7:77j7|7 7j7j7 7i7j7 7:5j21 



125 75:21 



! :1 



2:517 5:2:1 



25:7 5:2:1 



112 5:7 



2j57;5:2jl|^ 
5i21i 



1305 1306 



711 



\ 
\ 

712 



37 



EP 1 271 466 A2 



FIG. 14 

X 



r 



1: 

|2h 



38 



EP 1 271 466 A2 



O 

iQ -55 
ir> > 

CM Q> 




39 



EP 1 271 466 A2 



s:^: \::s; >: ^> > ^ ^ >>>> >)>) - 



iQ -55 

in > 
csi ^ 

Q> a> 

CO o 
Q> (L> 



X 



u 





Q> 



CD 



CO § 

CO 



1. s 

a> Q> 
.5^ o 



40 



EP 1 271 466 A2 



FIG,17 



C START ) 



Store dot font of character 
in main memory 22 



SIOOI 



SI 002 




"r/"0" arrangement pattern of bits in 
the vicinity of^ current bit is examined 



•SI 003 



Among sub-pixels included in pixel corresponding to 
current bit. sub-pixels of basic portion are defined 
based on arrangement pattem of vicinal bits according 
to predetermined rule 




( END ) 



•SI 004 



41 



EP 1 271 466 A2 



Fia.i8 



r 



N(-1-1) 


N(0-1) 


N(l -1) 


N(-1.0) 


D(x.y) 


N(1,0) 


NH.1) 


N(0,1) 


N(1.l) 

1 



42 



EP 1 271 466 A2 



FIG. 1 9 



r 



P(x.y) 1 



I 

X 

to, 
o' 



eg 
I 

X 



X 

to 



X 



X 



4- 

X 



X 



rO 



: ij 

CM 



X 



X 

to 



+ 

X 



to 

+ 

X 

rO 



43 



EP 1 271 466 A2 



FIG.ZOA 



N(0,-1) 
N(-1.-1) ( N(1,-1) 



N(-1.0) 
NH.1) 



58 



11 



1V 



0 



0 



N(0,1) 



D{x.y) 

-N(1.0) 
-NO.I) 

1301 



FIG.ZOB 



C(3x,y) 



C(3x+1.y) 



C(3x+2.y) 



My 



OiOi 



P(x.y) 



44 



EP 1 271 466 A2 



FIG. 21 A 



N(0.-1) 
NH.-1) ( N(l-1) 



N{-1.0) 
N(-1.1) 









1 


/ 

1 


1 








N(O.l) 



0(x.y) 
N(1.0) 

N(1.1) 



FIG.21B 



C(3x,y) 



C{3x+1,y) 



IT 



C{3x+2.y) 



1 



4=. 



1 



P(x.y) 



p 



45 



EP 1 271 466 A2 



FIG.22A 



N(0-1) 
NH-1) ( N(1-1) 



N(-1.0) 
N(-1.l) 





D(x.y) 

•— N(1.0) 
— N(1.1) 




1 




"0 


1 


0' 




1 





N(0.1) 



FIG.22B 



C(3x+1.y) 
C(3x,y) ( C(3x+2.y) 



lor 



P(x,y) 



46 



EP 1 271 466 A2 



FIG. 23 



1702 1704 



1701.™ 1703 



L' [b.'|Ij|m|I3 




iiriB'iiibain.i 



r. 



■srin 





niiiJiiii&iB ■ 



ri 



HlaaaaaHHSBHHn 



47 



EP 1 271 466 A2 




48 



EP 1 271 466 A2 




49 



EP 1 271 466 A2 



FIG. 26 



20- 



L 



21 



O 



CPU 



'22 



Main memory 



O 

'> 



o 

CO 



10 



Auxiliary storage apparatus 
ICIiaracter display prograln]— ' 



Overwrite program 



.43 



r 



Character data 




Correction toblTM^^^ 



Brightness table 
I — 



I 
I 



-42c 



•-42 



41 



-40 



50 



EP 1 271 466 A2 



FIG. 27 



C SPCT ) 



Set flag to 0 



-SI 01 



S200 




Convert brightness level of sub-pixel 
at fourth sub-pixel position from 
right-side bonier of region to be 
overwritten to color element level 



I 



Set color element levels of sub-pfacels in first A 
through third sub-pixel positions from nght-side ^ 
border of region to be ovenmtten 



5203 



Convert color element levels of sub-pixels to 
brightness levels 



Output brightness dota which represents brighbiess 
levels of sub-pixels to disploy device 



-S204 



S205 



Display character sequence to 
be overwritten 



-S206 



C END ) 



51 



EP 1 271 466 A2 



to -53 

CVl ^ 

"55 

s g 

JZ o 

.2»"o 




c» 

T- g> 



CD 



CD 

E 

(D 



CO 
CO 
CD CD 



jz: o 



in 
CD 



CD 



(D 

E 

CD 



CO 
CO 
CD CD 



•S^ o 



52 



EP 1 271 466 A2 



FIG. 29 





255 






255 






255 






255 






255 






255 






219 






182 






73 






255 


✓ 



2801 



53 



EP 1 271 466 A2 



FIG. 30 



Brightness level 


Color element level 


0 


7 


36 


6 


73 


5 


109 


4 


146 


3 


182 


2 


219 


1 


255 


0 



-3001 



54 



EP 1 271 466 A2 



FIG. 31 




55 



EP 1 271 466 A2 



FIG. 3 2 



Target sub-pixel 


Adjacent sub-pixels 


7 


1. 2. 5 


5 


0. 1, 2 


2 


0, 0, 1 


1 


0. 0. 0 


0 


0. 0. 0 



3201 



56 




EP 1 271 466 A2 



FIG. 33 




57 




EP 1 271 466 A2 



FIG. 34 



255 


255 


255 


255 


255 


255 


255 


255 


255 


255 


255 


255 


255 


255 


255 


255 


255 


255 


255 


255 


255 


255 


255 


219 


255 


219 


182 


255 


255 


255 



V 



2803 



58 



EP 1 271 466 A2 




59 



EP 1 271 466 A2 




60 



EP 1 271 466 A2 



FIG.37 



20- 



O 



21 



CPU 



-22 



O 

O 
"O 



10 



I 



o 

Ql 
CD 



Auxiliary storage apparatus 



Character display program 



41a 



1 



Character data 



■u^42a 



■40 



Correction table 



T>42b 



Brightness table 
L 



-42c 



-42 



61 



EP 1 271 466 A2 



FIG. 38 



( START ) 

Input character 'to be displayed [ -^^^^^ 



Store basic portion data in main nriemory [ ^^^^^ 

-S301 




Assign dots which form basic 
portion data to sub-pixels 



-SI 04 



Set color element level of sub-pixel 
corresponding to basic portion 



S105 



Set color element level of adjacent [X"" 
sub-pixels 



SI 09 



Convert color element level of 
sub-pixel to brightness level 



S115 



Output brightness data indicating brightness 
level of sub-pixel to display device 



1^1 



16 



C END ) 



62 



EP 1 271 466 A2 




63 



EP 1 271 466 A2 




64 




65 



EP 1 271 466 A2 



5 




L 



IQ -55 
to > 

CNJ ^ 

"53 ^ 

^ J 

JC o 



00 > 
^ jj> 

"55 ^ 
> c 

CO o 
CO -2s 
Q> ^ 



o 



CD 



§2 



0 



CO o 
JC o 



o 



en 
"55 

CO 
CO 



cn 

m 



a> 



E 

(D 
O 

o 



10 

"55 
10 > 

"53 

J g 
« J 

^ u. 

.2* o 



66 



EP 1 271 466 A2 



FIG.43 



r 



: Sub-pixels corresponding to basic portion 



67 



EP 1 271 466 A2 



FIG. 44 



r 




: Sub-pixels corresponding to basic portion 



^ ' Correction pattern 



Brightness level 0 ^ Brightness level 219 
Brightness level 73 □ Brightness level 255 
Brightness level 182 



68 



EP 1 271 466 A2 




Brightness level 0 ^ Brightness level 219 
Brightness level 73 Q Brightness level 255 
Brightness level 182 



70 



EP 1 271 466 A2 




1041 



MA 



Sub-pixels corresponding to basic portion 



Correction pattern 



Brightness level 0 0 Brightness level 219 
Brightness level 73 □ Brightness level 255 
Brightness level 182 



71 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of tlie Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. ^ 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

ZAGE CUT OFF AT TOP, BOTTOM OR SIDES 
-J)ED TEXT OR DRAWING 

□Blurred OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 

As rescanning these documents willnot correct the image 

rTmrr"^''^''*' P*"^'" '•^P^'*^ '^^^^ problems to 

the IFW Image Problem Mailbox. 



